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SECTION I

INTRODUCTION

Gas turbine engines for jet aircraft must maintain high performance over a wide range of
flight conditions. Thus, many of the components in these engines incorporate vari-
able-geometry configurations and bleed systems to meet the requirements of changing environ-
ments. The fan and compressor normally contain a combination of variable vane rows and
bleeds to accomplish this objective. Hence, optimization of variable vanes and bleeds or
selection of the best vane and bleed schedule plays a very important role in compression
system development, During initial development, most compressors are built with all vane
rows variable, even though only a few rows may be variable in the final design configuration.
Optimization objectives vary from configuration to configuration. However, typical examples of
parameters requiring optimization include overall efficiency, surge margin, airflow, and pres-
sure ratio.

Current optimization techniques generally consist of running a matrix of test points with
various geometry settings, shutting down the test article, reviewing the interstage aero-
dynamics, selecting a new series of test points using engineering judgement, and further
diagnostic testing. This process is very time-consuming and expensive and rarely achieves a
true optimum.

*Compressor test facilities are often linked to large computers for online data feedback.
Experience in compressor development and system simulation indicates that utilizing a
software package through a logical series of iterations could guide decisions of the test engineer
and, thus, reduce the number of data points and test time required to achieve an optimum
performance goal. Ultimately, a system could conceivably be used to control the search for
optimum performance. This contract effort developed a computer program in FORTRAN IV

language capable of guiding the optimization of vane and bleed settings in multi-stage axial
compressors.

The technical approach to the development of software for optimization of vane and
bleed settings in multi-stage axial compressors involved definition of optimization goals,
development of the performance-seeking logic, creation of a computer program to complement
the logic, and demonstration of the function of the software.

This user's manual describes the vane and bleed optimization computer program (Cus-
tomer Computer Deck CCD 1182). The program includes the capacity of handling four
variable vanes and one bleed. The basic goal-seeking algorithm is the COPES/CONMIN
approximate optimization method described in Reference 1. The program includes a
stage-by-stage compressor model that simulates an eleven-stage, four variable-vane compressor
to demonstrate program capabilities. This document presents sample problems using the
comprusor simulation to help the user become familiar with the program deck.

t1
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SECTIONl

PROGRAM DESCI ION

Computer program CCD 1182-0.0, developed on an IBM 3033 computer, is a FORTRAN
program capable of guiding the optimization of vane and bleed settings in multi-stage axial
compressors. Operated through an iterative terminal, the computer program is designed to be
used in a manual mode with real-time data reduction. Inputs include the optimization goal,
vane and bleed setting limits (e.g., ± 10 deg about the base vane setting), vane and bleed initial
settings, performance constraints, and compressor rig measurements of overall performance.
The main element of the computer program consists of the COPES/CONMIN approximate
optimization algorithm that provides the test engineer with information required for the next
vane or bleed setting. Flow charts showing program logic appear in Figures 1 and 2

The vane optimization program primarily performs an information management task.
The program supplies the computer terminal with several successive information displays
based on stored data. The operator initially selects one of seventeen optimization goals
summarized on the display screen. This display alone is sufficient to describe required
operator actions and specific test goals.

The operator will then be prompted for the number of variable vanes and bleeds (N) to
be optimized, upper and lower bounds for vane angle and bleed flow, and the size of the
incremental vane and bleed variation used for the first N+I test points. At this point, the
program will tell the operator to run the base condition from which the optimization will
begin. The operator is then prompted for the vane and bleed settings, and performance index
(and constraint values, if applicable). The performance index and constraint values are defined
based on the optimization goal selected. These may be efficiency, stall margin, corrected flow,
or pressure ratio, all of which are available from the compressor test facility. The first basis
vane angle and bleed perturbaiions are calculated and returned to the operator. The per-
formance index and constraint values are input to the terminal. Additional basis vane angle
and bleed perturbation cases are run until N+1 test points are run. The points run provide an
initial model of the performance index function. After the performance index model is created,
multiple optimization passes are made using this approximate design model. The approx-
imated optimum vane and bleed settings (as determined by this pass) are sent to the operator.
During the setting of new conditions, the operator monitors for external constraints, such as
flutter or blade strain. If and when these limits are reached, the performance index may be
modified to account for an aeromechanical constraint boundary. A convergence check and test
for maximum iterations is made. The program control will return to 00:2S/ffnq with the
new data point. The COPES performance index model is updated and a new optimization
iteration proceeds.

Following a convergence at the optimum, a description of the convergence criteria will be
displayed and a complete documentation of the optimization path will be printed. The
following paragraphs describe the program elements in detail.

NWTAUZATIN

Data initialization occurs in two ways: through block data and through operator input.
Block data is used to initialize the data which generally does not change from one test case to
another. The optimization program will ask the operator for any further information required
to complete the initialization for a given test case.

3
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COMPUTER TERMINAL DISPLAYS

The program title page, shown in Figure 3, will be automatically displayed on the
terminal once the program has been loaded into the computer and the program is operational.
Once the user initiates the program operation, a list of optimization goals will appear on the
terminal for selection of the specific goal desired. A sample of the second display appears in
Figure 4. Following selection of the desired goal, the interactive terminal will display the
choice for verification. Typical versions of this display - shown in Figures 5 ind 6.

The displays that follow on the terminal perform four functions, as described below:

1. Generate reminders of compressor operating conditions which may need to
be held during the optimization process

2. Set upper and lower bounds for vane settings and performance constraints

:3. Define the starting sequence of the test

4. Prompt the operator to make certain vane movements and perform effi-
ciency and/or stall margin calculations.

Data entry displays will always repeat the entered information and await an accuracy approval
or a correction command. Figures 7 through 16 show examples of how these functions are
performed.

DATA STORAGE (ERROR RECOVERY)

The internal logic of COPES/CONMIM is incapable of "backing out" the previous input
data if an error has been incurred. To minimize errors, the terminal input data, as interpreted
by the computer, is redisplayed for verification prior to being stored. If an error is still made, a
complete restart of the optimization logic is required. However, the compressor (or compressor
model) need not be rerun. The computer program is reinitialized by the statement RFLAG=I.
and the data values are re-entered exactly as they were originally input. Operator prompting
will continue as during normal operation.

STARTING SEQUENCE OF TESTS

The basic aim of the COPES/CONMIM approximate optimization is to optimize an
approximate surtace by Taylor series expansion. To provide an initial model of this surface, a
sequence of tests is performed wherein each vane and bleed setting is randomly varied. The
minimum number of tests is N+1. Figure 17 presents the suggested starting sequence for up to
four variable vanes and one bleed. Incremental vane and bleed settings are an operator input
and may be chosen based on the expected performance sensitivity to vane angle. For high
stage-loading compressors, a value between ± I and ± 2 deg is suggested. Note that to reduce
experimental error, vanes are not reset between tests in this sequence.

6
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OPERATOR-IMPOSED CONSTRAINTS

During a test program, the operator will be monitoring a variety of strain gauge and blade
flutter monitors. Any of these sensors may allow the operator to conclude that the test point
vane settings may threaten the mechanical integrity of the compressor. Rejection of a test
point should not automatically bring about the conclusion of the optimization attempts. The
way to avoid this vane setting region (and discourage further movement in the hazardous
direction) is by the artificial creation of a performance index deterioration or a constraint
variable rise. A series of such actions by the operator will define to the program a wall or
barrier that should not be crossed due to the optimum-seeking or constraint-avoidance logic.
The technique employed in the vane optimization program is to change the performance index
of the hazardous point by a factor of two. This is enacted by indicating that flutter or excessive
vibration has occurred at the requested point.

STOPPING POINT

The stopping criteria used in this program include:

1. A minimum relative change in the objective function to indicate con-
vergence

2. An absolute change in the objective function

3. A maximum number of iterations

4. Two consecutive approximate optimizations resulting in the same vane
angle settings.

22



SECTION II

3 PROGRAM ORGANIZATION

j GENERAL

The main program, as shown in Figure 18, consists simply of calls to the various
subroutines used to initialize the input into the COPES/CONMIN optimization subroutine
known as VOPT. Additionally, the main program contains logic for restarting the program at
any point during the optimization. A description of each subroutine appears in the following
paragraphs.

ISubroutine PAGE1

Subroutine PAGE1 writes the title page to the screen and to the printer. The subroutine
I then waits until the operator depresses ENTER to go to subroutine GOAL.

Subroutine GOAL

Subroutine GOAL displays the listing of optimization goals and asks the operator to
enter the value of the desired goal. It should be noted here that the value of the desired goal
should be right adjusted in a two-column field. This means that numbers 1 through 9 should
be entered as 01 through 09. Subroutine GOAL then writes to the screen the goal which the
operator selected. When the operator is satisfied with the goal he has selected, subroutine
GOAL then returns to the main program with the value of the desired goal.

Subroutine OPTCON

Subroutine OPTCON takes the value of the desired goal and prompts the operator for
the necessary input to be used to write the COPES/CONMIN program input data.

Subroutine START

Subroutine START takes the initial X-vector and the number of design variables (NDV)
and then creates NDV+1 X-vectors by perturbating the vane angles and bleed flow by some
given amounts input by the operator. The subroutine writes these vectors into a file that will
be read by COPES/CONMIN.

TSubroutine SCFILE

Subroutine SCFILE takes all of the block data and all of the input from subroutine
OPTCON and writes it into a file in right-adjusted fields of 10 columns each.
COPES/CONMIN then reads this file in its optimization process.

Subroutine VOPT

Subroutine VOPT is the COPES/CONMIN optimization program.I
I

23
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Subroutine
PAGE1

Subroutine
GOAL

Subroutine
OPTCON

Subroutine
SCFILE

Subroutine
VOPT

F if
RFLAG > 0

T

Stop

FD 21025

Figure 18. 'rogram Organization
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Subroutine ANALIZ

The COPES User's Manual (Reference 1) explains subroutine ANALIZ. An additional
feature has been added to the usual ANALIZ output. When the program reaches a final
solution, ANALIZ will write out the final results on the screen for the operator to see.J Subroutine ANALIZ includes a restart signal enabling the operator to restart the

program without re-entering the data through subroutine OPTCON.

JINITIALIZING INPUT-OUTPUT FILES

Before executing the vane optimization program, the user must allocate the followingJfiles:
File No. Program Name Use

5 ISCRX Contains initial NDV+1 X-vectors
5 ISCRXF Contains X-F pairs on a continuous basis
6 IPRINT Output to printer

11 ISC Scratch file which contains COPES/
CONMIN input data

12 ISCRI Scratch file used by COPES/CONMIN
program

13 ISCR2 Scratch file used by COPES/CONMIN
program

15 IREAD Input from terminal
- 16 ]WRITE Output from terminal

All files, except File 13 (ISCR2) should contain the following attributes: Block size -
6160, logical record length - 80, and record format - fixed block. File 13 should contain the
following: block size - 6160, logical record length - 85, and record format - variable block
span. Figure 19 shows a sample procedure for initializing these input-output files.

I
I
I

I
.1
*1

I2
3 III



ATTRID WORK BLKSIZE(6160) LRECL(601 RECFHIF 5) 00000030
ATTRIG WORT OLIrIZE(6I601 LRECL(851 RECF"flY 8 53 00000032

1* ALLOCATE DATASETS 00000040
00000050

/* FILE IREAD 00000060
ALLOC 0OMIT1F0OLP 05t41*3 REUSE 00000070
/* FILE VMTE 00000080
ALLCC 00(FT16F0O1) 0511U*) REUSE 00000090
/* FILE ISC 00000100
ALLOC D(FT11FOO1) OSN('XXXXXXX.FILE.F11.OATAJl NEW SP(I,13 TRACKS - 00000110

USIH3( WC'RK) REUSE 00000115
/* FILE ISCRI 00000120
ALLCC OO(FT1ZFOO1) OSNP*XXXXXXX.FILE.F12.OATA') NEW SP, TRACKS - 00000130

USIKGM0:% F EUSE 00000135
/* FILE ISCRZ 00000140
ALLOC DO(FT13FOO1) DSt('XXXXXXX.FILE.F13.DATA') N!W SP(1*1) TRACKS - 00000150

U5VlS(14'RT) RE~USE C00M15
/* FILE IFR!14T 00000160
ALLOC DD(FT06FOO1) SYSOUT(SCLASS) REUSE 0C000170
/* FILES ISCRX At'D ISCRXF 00000180
ALLOC DDtFTOSFGOIJ OSfJ('XXXXXXX.FILE.F05.DATA') NEW SPfI,1) TRACKS - 00000190
USIMMO WRK) REUSE 00000195

FD 210259

Figure 19. Initialization Procedure
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I ;SECTION i

3 COPES/CONMN DESCRIPTION

THEORY

CONMIN (Reference 2) represents a general purpose optimization program designed
primarily for the optimization of constrained functions. The basic optimization algorithm used
in CONMIN employs a direct search technique based on the method of feasible directions
described in Reference :3. The algorithm has been modified to impi ve efficiency and
numerical stability and to solve optimization problems in which one or more constraints are
initially violated (Reference 4). In a subroutine format, CXNW can be called by a
user-supplied main program. The user should supply a main program containing the analysis,
constraints, equations, and objective function. Therefore, if an existing analysis program is
used. the analysis portion may need some reorganization, and constraint equations must be
prepared in accordance with CONMIN requirements.

In order to eliminate this inconvenience, a control program known as COPES (a
FORTRAN Control Program for Engineering Synthesis) was developed by the same author
who developed CONMIN. COPES combined with CONMIN enables the use of CONMIN as a"'black lx)x" for ivptimization in automated design synthesis. The user need only provide a
FORTRAN analysis program for the particular problem being considered. COPES simply calls
the tiser-supplied program written according to a simple set of guidelines. The capabilities of
('OlES/'ONMIN include:

I. Simple analysis
2. Optimization
:1. Sensitivity analysis
4. Two-variable function space generation
5. Optimum sensitivity analysis
6. Approximate optimization.

Particularly, apprximate optimization provides the most suitable technique for the
ucinpressor vane optimization problem where the number of test points needed to perform the
4)ptimizaton is a limiting factor. The basic idea of approximate optimization technique involves
sequentially optimizing an approximate design function surface generated from available
information. In this program, the design surface represents a function of efficiency and stall
margin. At the end of the optimization, the design surface is updated with information from a
precise analysis, or test, at a new set of design variables. This new approximate problem is
then optimized, followed by a new precise analysis. This process repeats until the solution has
cmverged.

('OI'ES/CONMIN Iossesses the capability to do up to a second-order approximation. If
excessive data are available, the extra data are applied to a weighted least-square fit, rather
than in obtaining higher order approximations. If a quadratic design surface were assumed, the
second-order approximation would be precise. If the problem at hand can be approximated by
a quadralic function, this method becomes feasible.

An outline of the sequential approximation approach (Reference 5) appears below. The
second-order approximate form comes from a Taylor series expansion of any function, noted as

.fe ' . A[IATfH (1)

27
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where,

-i -- ' - i°

-f = f f fo

-- [ f af af v
1 7... 

-(2)
O2f ilf O2f

Hx, Ox7x . x8x

ija~f

Symmetric

n = number of design parameters

X = nominal design analyzed to yield f.

Equation 1 holds for both objective and constraints. The unknowns are:

af af af a2f
Ox, ax, and 'W7 ... alL

for a total of (f = n + n (n+1)/2). Since one analysis is required for the nominal design, a total
of (9+1) test points are required to determine the unknowns, (Vf) and [ H 1. If more than
(Q+1) tests are available, a weighted least-square fit is used.

Since previous test data show that efficiency and stall margin can be closely approx-
imated locally in quadratic form in terms of the vane angle, quadratic approximation in the
compressor vane optimization is considered quite reasonable. The fact that analysis data
obtained in one optimization are used to improve the design surface for subsequent optimiza-
tion enables the test engineer to choose a new test point; i.e., the result obtained in one
optimization becomes the recommended test point and the test result obtained at this point is
added to the new approximate optimization problem.

Numerical experience shows that a full quadratic approximation is not necessarily
required even when the design function surface is quadratic. An approximation that includes
up to the diagonal terms of the Hessian matrix in Equation 1 is quite accurate for a quadratic
surface. This approximation requires a minimum of 2n+1 test points (n tests for linear terms,
n tests for diagonal terms of the Hessian matrix, and one test for the initial design point). If
more than 2n+1 designs are available, they are used in a weighted least-square fit. The
COPES/CONMIN program provides the user with the option to use the approximate design
surface constructed using only up to the Hessian diagonal terms in the approximate optimiza-
tion. Because this technique can significantly reduce the number of expensive test points
without losing the quality of the solution, it is used in the compressor vane optimization.
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I INTERFACING REQUIEMENTS

The COPES/CONMIN computer program is set up to make multiple passes through a
subroutine called ANALIZ. In the conventional design process, this subroutine will contain an
evaluation of the performance index being optimized and the constraint parameter for a given
set of vane angles. The vane optimization program logic will specify a new vane setting to the
operator and take care of recording new data from operator entries in the proper format.
Command will he transferred back to the program and execution will continue with the newly
supplied information. The method of interfacing described above required the absolute
minimum level of COPES/CX2IH code change.

Another very important interfacing objective is to reformat operator input data to be
compatible with the existing COPES input handling routine COPEO1. Again, the driving force
behind this objective is the desire to retain as much of the original COPES code as possible.

The COPES User's Manual (Reference 1) contains a detailed description of the complete
input file requirements for the full variety of deck options. Figure 20 presents a listing of the
card images of input data relevant to the COPES/CONMIN approximate optimization logic
within the compressor vane optimization program.

I ISH 0002 BLOCK DATA C7001

C O___ __ _, 2ISM 0003 COI10t -/DfA AEC.MS---ZVAP -IIU OG 00203
I ZPIPT#ITk1AY#W7CAL,1T;f, LZ1:V3JrtJAC"1,HFDG# 0VC4
2 FDCH ,FDCi:I,CTCT.IItCTLiCTL11"THETAs 0^1.^03

4 NF ,stIm, mcI ;, IP ' r-x, 7
5 ! 7 :' N X, J t l Wt ? C C , 1 1F L O C ,1 A ,1:T R tM C C " 5

ISM 0004 DATA _CALC_;_V__APt__F_ __UT,_ 0C09
1,- P...NT, ZIVIAX, tICA L, P~ .'1 L Jt'J t&CHXI ,tlFDG.001
2 FCCHFn CtiICT,CTIIN,CTL,CTLtIIN,THETA, 0:"ii
3 DEVLrUOG ;'CFU:IALr!i' X, AE3J1 O W12
4 t"F41A, W::M.IPAFP X. 004135 FfX J 1HYZfvLOC, ZNF LOC, MAXTRM/ OnO1]6,0,0,1,0, C^ 15

1 5,r0,0,3,0,0,0, 0 16
2 .01,.O01,-.05,.004,-.01,.00191.0, C^C1713 .oo1,0.0,.].,.1, ___________________0 C18
4 0,0,0,1, 00019
5 0,0,0,002/ 03")0

IS" 0005 COWI MN /LP1T/1PEAD,1LqITE, IPRIT,*ISCRX,CrFXF,Isc 010S1
StI 0006 DATA IREA'O,':'ITE,IPPIT,ISCPX,ISCRXF.ISC/15,16.6.5,5,11,____ ce?

155 0007 CO:*'-CH /N,1E/NAi( 7)
ISl 0003 DATA NAME/4fiRPMCt4H[.iC ,'HPR *4HDVS ,AHOL ,4115" #4HEFF / OOC^"

C C00:5
ISH 0009 END o 0C."6

I Figure 20. COPES/CONMIN Input Data Relevant to the Compressor Vane Optimization Program
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j SECTION V

PROGRAM DEMONSTRATIONI
COMPRESSOR SIMULATION

In order to demonstrate the vane optimization software, a stage-by-stage compressor
model has been implemented into a computer program. The characteristics of normalized
pressure rise and temperature rise as functions of normalized airflow and vane angle are
representative of an eleven stage, four variable vane compressor. The stall line used to provide
the compressor performance appears in Figure 21. The illustrations shown in Figures 22
through 25 depict the efficiency and stall margin variations with vane angle computed at two
degree increments, while holding speed and discharge area constant.

It should be noted that efficiency and stall margin calculations have an accuracy of
± 0.05%, which may be attributed to the following factors:

1. Stage characteristic modeling
2. Interpolations between stage characteristics
3. Flow balance iterations.

Thus, the performance calculations from this model can be considered to have an inherent
± 0.05% measurement error.

Input to the stage-by-stage compressor model is read using a FORTRAN-NAMELIST
statement. Each input case must begin with $PWA punched starting in Column 2 to prepare
the program to read the input. The input then follows, punched in FORTRAN-NAMELIST
format, with each item separated with a comma and with the input list concluded by SEND.
No input may be entered in Column 1. The SEND card initiates execution. The input
parameters are as follows:

Parameter Default Value Description
NIN 5 Input file number
NOUT 6 Output file number
NOUTN 0 Optional output file number
CASE* 0 Case number
VANEI 0 Vane angle 1
VANE2 0 Vane angle 2
VANE3 0 Vane angle 3
VANE4 0 Vane angle 4
STOP 0 Stop signal
WCINLT Converged 81.5 Inlet corrected airflow
GUES values from or M-line guess

previous 0.94
case

The converged values for the independent variables WCINLT and GUES from a
successfully closed point can be used as guesses for the next point. If no guess is supplied by
the user for the first run, the values 81.5 and 0.94 will be used as guesses for WCINLT and
GUES, respectively. On succeeding points, if no guesses are given, the converged values from
the last point are used. The M-line guess should be approximately 1.0.

*CASE is automatically incremented with each set of input read, unless reloaded.
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All input is initially read and written to input files 5 and 6. However, the file number can
be changed by the user by changing the input variables NIN and NOUT. It is also possible to
direct the output to two different output files by specifying another file number NOUTN. If
this variable is omitted, output will be directed to only one file, specified by NOUT. A STOP
- -1.0 should be included in the last input case to terminate the program. If it is left out or

set to a value other than -1.0, the program will look for another input cae to follow. The

output parameters are:

Parameter Description

VANE1 Input vane angle 1
VANE2 Input vane angle 2
VANE3 Input vane angle 3
VANE4 Input vane angle 4

SM Surge margin
EFF Adiabatic efficiencyPR Pressure ratio

WC Corrected airflow

The following paragraphs detail the results for various optimization goals using the
optimization program on the stage-by-stage compressor simulation. A summary of the prob-
lems solved and the resulting solutions is presented in Table 1. Appendices A through I
contain output information for the sample problems.

UNCONSTRAINED OPTIMIZATION

Example 1:

The objective of this problem involves the optimization of four variable vanes for
maximum efficiency, while holding speed and discharge area constant (Optimization Goal 1).
The optimization problem can be formulated as

max ,7(a,, 2,,,a.,,, N, AREA) (3)

a,,a ,,a,a 4,N, AREA

subject to

a. all - t -a l... Ci2min -: a 2  -- 'a ,

a 3min ! a3  
- - 

a 3,,.. a 4 . 1 .
- - 

a 4  -- a 4 ,.

b. AREA = AREA,, 76.779

c. N = No = 5567.5 rpm (% Nc= 85)

The upper and lower bounds imposed on vane travel appear in Table 2.

With initial vane settings of (a),=29 deg, (a),=18 deg, (a)3=15 deg, and (a),=11 deg,
and initial efficiency of 87.14%, convergence to the optimum efficiency of 87.53% occurs in 15
tests (10 iterations). Optimum vane angle settings become (a),= 25.59 deg,
(a),=17.99 deg, (a)3=12.17 deg, and (a),=7.47 deg. Note that the incremental vane angle
variation used for the initial sequence of 5 tests is -2 deg. Appendix A details the optimization
results for Example 1.
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TABLE I. SUMMARY OF OPTIMIZATION EXAMPLES SOLVED

Corrected Stall Test Point
Example Optimization Preusure Flow Efficiency Margin Number at
Number Goal a, aa a, a4 Ratio (Wc) (%) (%) Optimum

1 Maximi3e V 25.50 17.99 12.17 7.47 - - 87.53 9.32 15
2 Maximize 9 24.55 17.78 11.68 7.76 - - 87.52 9.45 15
3 Maximize SM 18.94 10.71 5.00 5.00 - - 86.73 10.30 22
4 Maximize V 23.73 15.58 7.29 5.37 - - 87.39 10.00 10

with SM__10.0
5 Maximize V 22.64 14.72 9.24 5.00 - - 87.38 9.98 15

with SM_ 10.0
6 Maximize SM 22.34 14.54 8.87 5.00 - - 87.32 10.09 21

with 1287.3
7 Maximize We 20.08 10.31 5.85 5.00 - 84.39 86.81 10.19 14

with v87.0
and SMa_8.5

8 Minimize Wc 27.93 19.92 15.72 9.54 - 77.65 87.20 8.47 15
with q2!87.0
and SM2_8.5

9 Maximize PR 21.06 10.17 5.01 5.01 6.105 - 86.82 10.15 15
with q2!87.0
and SM28.5

TABLE 2. VANE TRAVEL LIMITS

a, a2 a3 a 4

Lower Bound 10 5 5 5
Upper Bound 35 25 25 25

Example 2:

This problem duplicates Example 1, except that the initial sequence is modified. Design

of the example evaluates the effect of randomly selecting the initial test points.

With initial vane angles set at (v),=18 deg, ((02=10 deg, (tv)=5 deg, and ((),=5 deg, and

efficiency (q) = 86.60%, convergence occurs in 19 tests, although optimization was reached at -.

the fifteenth test point. Optimum vane angles become (a),= 2 4.55 deg, (ty),=17 .78 deg,

(tO,=11.68 deg, and (a),=7.76 deg at an efficiency of 87.52%. A 2 deg incremental vane angle

variation was used for the initial sequence of tests in this example. Appendix B lists the

optimization results for Example 2.

The fact that the optimum efficiency duplicates that found in the first example indicates

that the analysis is relatively insensitive to starting point. The optimum vane angle settings, -.

however, are slightly different for the two examples, although they are within 1 deg of each

other. The compressor model exhibits a very flat region near the optimum with little gain in

efficiency. This fact also attributed to the additional tests required in the second example to

meet the convergence criteria after the optimum was reached.
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Example 3

The objective of Example 3 is to maximize stall margin while holding speed and discharge
area constant (Optimization Goal 7). The problem can be expressed as

max SM
S(4)

With the same initial vane settings and initial test sequence as in Example 1, the
optimum settings were obtained after 22 test points. The vane settings are (a),=18.94 deg,4(,v)3= 10.71 deg, (,v),=5.00 deg, and (a),=5.00 deg with an optimum stall margin at 10.30%. The
efficiency at these vane settings is 86.73%. Results for this problem appear in Appendix C.

j CONSTRAINED OPTIMIZATION

Example 4,

The function maximized in Examples 1 and 2 is now solved with stall margin constrained
above a given level (Optimization Goal 4). The stall margin at the optimum efficiency
conditions in the previous examples are 9.32 and 9.45%, respectively. Mathematically, this
problem can be stated as

max 17 subject to SM -2_ 10.0%
a,, a2, a, a, (5)

With the same initial vane settings and initial test conditions as Example 1, a converged
solution results in 14 tests at (a),=23.73 deg, (a)2=15.58 deg, (a)3 =7.29 deg, and (a),=5.3 7 deg
with an efficiency at 87.39% and stall margin of 10.00%. Note that the optimization algorithm
brought the efficiency down from the 87.5% values in Examples 1 and 2 to meet the stall
margin constraint. Appendix D presents the results for this example.

Example 5:

The same problem as Example 4 is considered, eycept that the influence of measurement
error on convergence ability is examined. In addition to the ±0.05% noise in the
stage-by-stage model, the random errors shown in Table 3 are added to the performance
values. The errors are normally distributed with a standard deviation of 0.05.

Appendix E details the results for this example. The optimum was reached in 15 tests
at (a),=22.64 deg, (a)2='14.72 deg, (a),=9.24 deg, and (a),=5.00 deg with efficiency at 87.38%
and stall margin at 9.98%. The efficiency and stall margin are essentially the same as the
values obtained in Example 4 and the vane angles are within 2.0 deg.

SExample 6:

This problem represents the constrained version of Example 3. Here, it is desired to
maximize stall margin while maintaining efficiency above a given level (Optimization Goal 10).J Mathematically, this can be represented as

max SM subject to 112 87.3%
a,, a2, a3, a, (6)

Appendix F details the results of this optimizaton with start settings for vane angle as
in Example 3. The optimum solution was reached after 21 tests at vane settings of (a),=22.34
deg, (a)2=14.54 deg, (a),=8.87 deg, and (a),=5.00 deg with an optimum stall margin of 10.09%
and an efficiency of 87.32%. Here, the optimization algorithm brought the stall margin down
from 10.30% obtained in Example 3 to meet the efficiency constraint.
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TABLE 3. MEASUREMENT ER-
RORS FOR EXAMPLE 5

Test Point Efficiency Stall Margin
Number Erw (%) Error (%)

1 0.04 -0.04
2 -0.02 0.04
3 -0.03 0.09
4 0.03 -0.02
5 0.09 0.06
6 -0.02 -0.06
7 0.00 0.04
8 -0.06 0.00
9 0.01 0.01

10 0.02 0.00
11 0.06 0.08
12 0.02 0.00
13 -0.33 0.07
14 -0.04 -0.02
15 0.02 0.07
16 0.11 -0.01
17 0.01 -0.03
18 0.07 -0.02
19 -0.04 -0.06
20 0.05 -0.05
21 0.08 0.03
22 -0.03 0.04

Example ?:

The next two examples establish the maximum and minimum flow points to provide the
maximum flow range. In addition to airflow requirements, performance constraints of min-
imum acceptable efficiency and stall margin also define the flow range. Thus, their evaluations
must be considered for each geometry setting. For this example, Optimization Goal 14 is
defined as

max Wc with 7>-- 87.0% 6nd SM >_ 8.5%

subject to the conditions of holding speed constant at 5567.5 rpm and discharge valve area at
76.779.

Appendix G details the results. For the initial test sequence used in Examples 1 and 3
through 6, the optimization algorithm converged to the maximum flow in 14 tests at a
corrected flow of 84.39 Ibm/sec with an efficiency of 86.81% and stall margin of 10.19%.
Optimum vane settings are (a),=20.08 deg, (tv),=10.3 1 deg, (a)3=5.85 deg, and (a)4=5.00 deg.
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I Example M:

This example deals with minimizing corrected airflow (Optimization Goal 15),
mathematically formulated as

min Wc with i 87.0% and SM 2 8.5%
I 1, a1 , , a4  (8)

subject to holding speed and discharge area constant.

Results for this example appear in Appendix H. With the same initial test sequence as in
Example 7, the minimum corrected airflow of 77.65 lbm/sec was reached in 15 tests at
(a),=27.93 deg, (a)2=19.92 deg, (a).=15.72 deg, and (a),=9.54 deg with an efficiency of 87.20%
and stall margin of 8.47%.

Example 9:

As a final example, the pressure ratio is maximized at constant speed and discharge area
while maintaining minimal acceptable values of efficiency and stall margin (Optimization Goal1 17). The problem solution can be stated as

max PR with q=__ 87.0% and SM =_: 8.5%
I %t C23a, aY4  (9)

Results of performing the optimization appear in Appendix I. This example converged in
15 tests at a maximum pressure ratio of 6.105 with an efficiency of 86.82% and stall margin of
10.15%. The optimum vane settings are (a),=21.06 deg, (a)2=10.17 deg, (a). =5.01 deg, and
(,y),=5.01 deg.

I

'I'

I
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SECTION VI

IDENTIFICATION

Pratt & Whitney Aircraft Group, Government Products Division uses a "Customer
Computer Deck" identification system that appears on the outline sheet as

CCD XXXX-XX.X
DATE XX/XX/XX

The first four digits correspond to the compressor vane and bleed optimization program.
If another optimization method is developed or studied which does not replace or supercede
the original method, a new four-digit number will be used.

Changes in the demonstrator compressor model performance will be related in different
dash numbers. The dash number of the original deck will be zero.

The decimal number will be used to reflect all deck changes which do not affect the basic
optimization method or compressor model. This includes correcting any program errors.

Any deck change causing a change to the dash number or decimal part of the CCD
number will change the previous date of the deck.
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STATOR VANE OPTIMIZER

PROTOTYPE_SOFTWARE_CAPABLE OF- GUIOING -THE. OPTIMIZATION OF

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO OPULSICH LABORATORY

UNDER CONTRACT F33615-79-C-2013

BY: PRATT & WHITNEY AIRCRAFT GROUP
GOVERNMENT PRODUCTS DIVISION

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU

I OPTIMIZATION CC',DITIONS I CONSTRAINTS I-
NO I GOAL I RPMC 94C FR OVS O.L. I 5.M. I EFF I
----. . ..---------------------------------- +----- . .

1 I EFF I-X - - X - I- I- I
2 1 EFFIX - - - X I- I - I
3 1 EFFI X X - I - I - I
4 1 EFF I X - - X I MIN I - I
5 1 EFF I X - - - X I MIN - I
61 EFF I - X X - IMIN I - I
7 1 S.M. I X - - X - I - I - I
8 1 S.M. I X - - - X I - I - I
9 I S.M. I X X - I- I- I

io- I-S.m.-I x - - x - I - MIN I
i 1 S.1. I X - - - X I - I MIN I
12 1 S.M. I - X X - - I - I MIN I
13 1 S/BLD I X X - - I - I - I
l-IMAX WCI X X I MIN I MIN I
15 I MIN WC I X - - - X I MIN I MIN I
16 I FR I X X - - I tIN I IIIN I
17 1 PR I X - - - X IrI I MIN I
YOU HAVE SELECTED TO OPTIMIZE EFFICIENCY HOLDIN3

CC'RECTED SPEED (RPMC) AND DISCHARGE VALVE SETTING (OVS1 CCNSTANT

*141T'M0 ~t~TRINTSON SURGE VARGIN ______________

HOLD PPMC CCNSTANT AT 5567.5C0
HOLO DVS CO:STANT AT 76.779

- OPTIMIZI3 4 VAN;E ANLES _

LO:ER SCUN3 FCR VANE I 1S 10.OOd
DO YOU AGREE? (Y/N)
LC::ER ecu.:3 FOR VANE 2 IS 5.000
DO YCU AGREE? (Y/N)

-LC:'ER EOU3i FOR VAPIZE- -IS 5O0D
DO YOU AGREE? (Y/N)
LO::ER EOUND FOR VANE 4 IS 5.000
DO YOU AGREE? (YIN)

- rFER'SCU:- FOR 'A;'-IS S5.O0
00 YOU ACREE? (YiN)
UPPER 00';D FOR VANE 2 IS 23.000
DO YOU AGREE? (YIN)

UPPER BOUND FOR VAE 3 IS 25.000
DO YOU AGREE? (Y/N)

UPPER 8CU:,* FOR VANJE 4 IS 25.000
00 YOU ACGEE? (Y/N)

it I';rEENTAL VANE A *LE VALUE FOF INITIAL VAE SETTING IS -2.00
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TITLE:

CONTROL PARAMETERS;
CALCULATION CONTROL, NCALC = 6
t4UISER OF GLOBAL DESIGN VARIABLES, __NOV = 4
NU$XER OF SENSITIVITY VARIABLES, -- NSV 0-
INUXIER OF FUNCTIONS IN TVO-SPACE, N2VAR = 0
NUIZER OF APFROXIIIATING VAR. NXAPflX = 4

-INPUT INFO~tIATION PRINTCODE, -IF:FUT =-.
OEBUS*FRINT CODE,- IPOB3 ~0

-CALCUL -ATION CONTROL,_t4CALC_____ __________

VALUE V, EANI I *
1 SIN3LE ANALYSIS
2 OPTIMIZATION

_____3 SENSITIVITY _______________

4 T: 'O-VARZIABLE FUNCTION SPACE
5 OPTIMi'JI SENSITIVITY
6 APPROXIMATE OPTIMIZATION

* _OPTIMIZATION 4-INFOMATION _________ __

GLO~A VARABLE NUJ,13ER OF OBJECTIVE7

CULTIPLIER INEGATIVE itNDICATES MINIMIZATION) 0.1000E+01

CC:,,1It4 -PARAMETERS (IF ZEPO, CC.,TIIN DEFAULT WILL OVER-RIDE)

IPPINT IT11AX IClHDIR USCAL ITRM LrN03J NACKXI NFOG
-5 20-______o5 0 3 -_ 0 1

POCH FOCHl CT CTh!N
0.1000CE-01 0.10000E-02 -0.50000E-01 0.40C00E-02

CTL CTUIlIN THT HI
-0.10000E-01 0.10000E-02 0.10000E+01 0.0

___DELFUN ____ DAFUN _____ALPHAX ASOBJI
D.100COE-:02 0.0 0.10000E400--0.1OCO ibd

DESIGN VAIIABLE IN4FO7MATICN
N A-ZEq0 ItITIAL VALUE WILL OVER-RIDEMODULE INPUT
0. V. -- LC.:ER UPPER INITIAL

s:o. eco ETUNO VALUE SCALE
1 0.10C00E+01 0.500CE.02 0.27000E.02 0.0

-2 O__ .50000E.01 0.25000E-02__ 0.1600CE.02 __ 0.0
l 0.!;0003E.0f-0. C50OE+02- 0. 13000E.O2- 0
4 O.!OocoE.01 0.25000E+02 0.90000E+01 0.0

0. V. GLOBAL MULTIPLYING
Io ND. VAR. NO. FACTCR

1 1 1- -o.1000OE +01-____________
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2 2 2 O.10000E.O1
3 3 3 0.10000E+01
4 4 4 0.10000E+01

CONSTRAINT INFORMIATION

THEREARE__0 -CONSTRAINT SETS ________________

* -APPROXItIATEANALYSIS/OPTIIIIZATION INFORMATION ____

NU."3ER OF FUNCTIONS APPROXItIATED, NF = 0
NU:MEsER OF INPUT X-VECTORS, NPS = 5

___NU=~ER OF it",UT X-F PAIRS, ______NPFS ___0

X-VECTOR FROl ANALIZ, NPA 0
?MALDESIGN, IO 0

READ U:!IT FOR X-VECTCRS, ISCRX 5
READ UNIT FCR X-F PAIRS, ___ISCRXF 5_ ________

FPiT CC:;RCL, IPAP7X 1

MINIMUMA APFnOXIMATING CYCLES, KmIN 5
____XIt1Ul APF7WOIMATIG CYCLES,_ KMAX __17

DX2: ESIGN~S US O IN FIT, t.;1AX =-28
NVt1IIAL DESIGN PtrANETER, JNOM = 28
X-LOCATICN IU7UT P;rAI.-ETERv INXLOC = 0

-- F-LCCATIC4 IW UT PARATIETER,- __ IFLOC = 0 ____________

TAYLSR SERIES I.D. CGOE, 11AXTF'N 2

DELTA-X EOUNDS FC!q APPROXIMATE OPTIMIZATION ___________

0.20CCE+01 0.2300E+01 O.ZOOCE.01 0.2000E.Oi

MULTIPLIER ON DELX, XFACT1 =0.1500E+01
-tl.JLTIPLIER CNl DEI.X, -,----XFACT2_ __ 0.2000E.01- ____

GLOBAL LCCATICNS OF X-VAI~IABLES

GLO!AL LOCATIONIS OF FUNCTIONS

X-VECTC7'S 1INPUT FRON UNIT 5

NJ'CER 1 CESIGN 1
0.29C:E.02 0.18CO0. 0 .150E*02 0.1100E+02

Nt r- ER 2 DESIG4 2
0.2700E+02 0.1800.+02 0.1500E+02 0.1100E+02

NUMBER 3 DESIGN 3
0.2700E+02 0.1600E*02 0.1SOOE402 0.1100E+02
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NUMWBER 4 DESIGN 4
0.2700E+02 0.1600E+02 0.1300E+02 0.1100E#02

NUIZER 5 DESIGN 5
0.2700E+02 0.1600E+02 0.1300E+02 0.9000E+01

**ESTIMATED -DATASTORAGEREQUIREMENTS_-

REAL INTEGER
INPUT EXECUTION AVAILABLE INPUT EXECUTICN AVAILABLE
__ 33 __ 315 _5000 22__2 64 10.00 _______

___SETVANE_1 _TO -2,9.00 D-EGREE.S_ ________________

SET VANE 2 TO 18.00 DEGREES

SET VANE 3 TO 15.00 DEGREES

SETVAE TO 1100DEGREES_

___HOLD PPMC CMSTANT AT A VALUE OF 5567.500.__ ______

HCLO D%'S CC:43TtNT AT A VALUE OF 76.779
EFFICIEN~CY= 87.1400

SET VANE 1 TO 27.00 DEGREES

SET VE270 1.0DEGREES -

SET -VANE 3 TO 15.00 _DEGlEES_ _ ________________

SET VANE 4 TO 11.00 DEGREES

HOLD RF11C CONSTANT AT A VALUE OF 5567.500
FCLD OVS CC:4STAt4T AT A VALUE OF 76.779

_EF.FICIEfNCY= _87._3200_____.____________
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I

I_ SETVANE_1_TO 27.O0 DEGREES

SET VA4E 2 fO 16.00 DEGREES

SET VANE 3 TO 15.00 DEGREES

SET VANE 4 TO-11-00- -jES

HOLD RPMC CONSTANT.AT A VALUE OF 5567.500

HOLD DVS CONSTANT AT A VALUE OF 76.779
IEFFrCTEtCY= 87.Z400

SET VANE I TO 27.00 DEGREES

SET V,'E 2 TO 16.00 DEGREES

SET V,",E 3 TO 13.00 DEGREES

SET VANE 4 TO 11.00 DEGPEES

HOLD RPNC CCNS3TANT AT A VALUE OF 5567.500
ilCLD DVS C".43TANT AT A VALUE OF 76.779
EFFICTEICY= 87.,^300

SET VANE 1 TO 27.00 DEGREES

SET VANE 2 TO 16.00 DEGREES

1 SET VANE 3 TO 13.00 DEGREES

" 5-ET VAN gE4 - -T09-.O OE-REES

HOLD RFlC CONSTANT AT A VALUE _OF 5567.500

HOLD OVS CONSTANT AT A VALUE OF 76.779
EFFICIEVCY= 87.3300

i
I
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APPROXIMATE OPTIMIZATION ITRATION HISTORY

APPROXIMATING FUNCTION 1 fHE OBJECTIVE

DESIGN VARIABLE NUMBSERS ASSOCIATED WITH APPROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATION NUMBER 1

NC~IN&L ESIG rU~S~.~ 5

X-VECTC',
_____.27000E+02 0,16000E.02 0.13000E+02 0.90000E+01

FUNCTION VALUES
o0.87330E+02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR_______

X-VECTOP
0.25000E+02 0.I8000E.02 0.11000E+02 0.70000E+01

APPF!OXItIATE FUNCTICN VALUES
0.87630E+02

SET VANE I TO 25.00 DEGREES

SET V/ANE 2 TO 18.00 DEGREES

SET VAN'. 3 TO 11.00 DEGREES

SET VANE 4 TO 7.00 DEG-REES

HOLD PFM1C CONSTANT AT A VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
I1FFICIENCY= 750

PRECISE FUNCTION VALUES
0 .87520E+02

BEGINITERATION NUnBER 2
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IINOMIINAL DESIGN NUMBER 6

X-VECTOR______ ___

FUNCTION VALUES

1 0. 87520E+02

RESULTS OF APPROXIMATE OPTIMIZATION

11 0.75337E+00 0.20000E+01 -0.20000E+01 -0.20000E+01

0.25753E+02 0.20000E+02 0.90000E401 0.50000E#01

APPROXIMATE FUNCTIOU VALUES
o0.87701E+02______________

SET VANE 1 TO 25.75_DEGREES ____________

SET VANE 2 TO 20.00 DEGREES

SET VANE 3 TO 9.00 DEGREES

SET 'VANE 4 TO 5.00 DEGRE f

-HOLD -RPlIC 'CONSTANT -AT -A -VALUE OF 5567.S~ _____00

HCLD CVS CON4STANT AT A VALUE OF -76.779

EFFICIENCY= 87.2800

PRECISE FUNCTION VA -LUES
0 .87280E+02

NOMIINAL DESIGN NUMBDER 7

VEC1oq--I 0.25753E.02 0.20000E+02 O.9000DE.O1 0.S0OOOE+O1

FUNCTION VALUES ___________________

087230E+02 -_

I RESULTS OF APPROXIMATE OPTIMIZATION
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OELTA-X VECTOR
-0.52557E-03 -0.10725E-04 -0.77730E-06 -0.97167E-06

X-VtCTORl
O.25753E#02 O.20000E402 0.90000E.01 O.50000E+01

APP.ROXII1ATE FUNCTIONVALUES_______________
0 .87230E+02

-SE VAE *** T** 0KK-0 D K*K*

SET VANE 3 TO 25.75 DEGREES

SET VANE 4 TO 5.00 DEGPZES

HOLD DVS CON3TA4T AT A VALUE OF 76.779
EFFICIEN:Y= 87.2800

FqECISE -FUN'ZTioi4VAL-u s
0. 872e0E.02

BEGIN ITERATION NUNCER 4

N,-IIN%.L DESICN NU::3ER___ a

X-VECTCR .
0.25753E+02 0.20000E+02 0.90000E+01 0.50000E+01

-f UIcTICNF VALUES*
0 .872CE+02

--RESULTS OF -AFFROXIMATE O)PTIMIZATION

DELTA-X VECTCR
-0.14439EP+01 -0.23921E+01 0.30000E+01 0.0

X-VECTOR
0.24309E402 0.27608E#02 0.12000E+02 0.50000E+01

0.8760CE402

52



I

I SET VANE I TO 24.31 DEGREES

SET VANE 3 TO 12.00 DEGREES

I SET VANE 4 TO 5.00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD nVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.4500

PRECISE FUNCTION VALUESf0.87450E+02

I BEGIN ITERATION NUMBER 5

-- NOIINAL- DESIG NUN':DE =R 9

X-VECTOR
O.24309E,02 0.17608E+02 0.12000E+02 0.50000E.01

FUMCTIC'4 VALUES
0.87450E+02

RESULTS OF APPROXIMATE OPTIMIZATION

OELTA-X VECTOR
0.15768E+01 -' 025626E,0+0-- O-.30000 Ei 1"6-1-z882E-4-00-

X-VECTOR
0.25836E+02 0.17350E+02 0.90000E+O1 0.56188E01

APPROXIMATE FU,-CTICN VALUES

o.87633E+02

SET _ _NE _ _ _ _ 25.89 DEGREES

SET VANE 1 TO 25.89 DEGREES

SET VANE 2 TO 17.35 DEGREES
5ET-WAE TO-9 0 O" ER EES

I SET VANE 4 TO 5.62 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
_HOLD DVS CONSTANT AT A VALUE OF 76.779

EFFICIENCY= 87.3900

I

. __ II -. 5
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PRECISE FUNCTION VALUES
0.87390E*02

BEGIN ITERATION NU.MBER 6

NOMINAL DESIGN NUMBER 10

X-VECTOR

0..563a0Es02
FUNCTION VALUES

0.87390E+02

RESULTS OF APPROXIMATE OPTIMIZATION

ELTA-X-VECTCR

-0.10000E+01 0.59866E+00 0.10000E+01 0.10000E+01

X-VECTOR
-- 0. 2433Z6E+C2 0.17943SE.02 0-.1000E.020-.688E.01i

AFPOXIMATE FUNCTION VALUES
0.87507E.02

SET VANE 1 TO 24.89 DEGREES

SET VANE 2 TO 17.95 DEGREES

SET VANE 3 TO 10.00 DEGREES

SETVAE4TO-6.62 DE3!EES-

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLIFDVS -CO;STANT AT A"VALUE'OF . .76.779- -
EFFICIENCY= 87.5000

PRECISE FUNCTION VALUES
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I BEGiIIEkRAtiON NUMBER 7

NOMINAL DESIGN NUM~BER 11

X-VEt -____________________

0.24836E+02 0.17948E+02 0.10000E+02 0.66188E+01

__FUNCf-TION VALUES____________________j 0.67500E+02

__RESULTSOFAPPROXIMATE OPTIMIZATION __________

I DELTA-X VECTON
-0.19008E+01 0.18232E-01 0.15271E+01 0.18999E+01

*10.22936E+02 0.17966E+02 0.11527E+02 0.85188E+01

___.'7FROXItATE FUNCTION VALUES _____________

0. 37574E+02

SET VANE 2_TO 17.97 DEGREES

SET VtANE 3 TO 11.53 CECREES

SET VANE 4 TO 8.52 DEGREES

HOLD OVS CCNSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3600

- PPECISEUFLCTIOW VALUJES
0.87360E+02

BEGIN ITERATION NUMBER 8

NOMINAL DESIGN t.!J?1R 2 12

X-VECT02

-. 0.229t6E.02 0.17966E*02 0.11527E*02 0.85188E+01
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FUNCTION VALUES
0.87360E402

RESULTSOF AROIMATE OPTIMIZATION .
DELTA-X VECTOR

0.26762E+01__0.2743SE-O1 0.74201E+00 -0.10959E+01]

X-VECTOR
O.25662E.02 0.17994E+02 0.12269E+02 0.74228E+01

A4P q b fA TE F 0UNTtIO d-VALUfES
o .87S36E+O2

SET VANE 1 TO 2S.66 DEGREES]

Si-TVA-RE 2-TO -17.99 DEGREfEs]

SETVANE 3 TO 12.27_DEGREES____________

SET VANE 4 TO 7.42 DEGIEES

HOLD RP.- CC'.3TANT AT A VALUE OF 5567.500
HOLD DV3 CONSTANJT AT A VALUE OF 76.779
EFFICIENCY= 87.5300 ______

PRECISE FU!CTIC4 VALUES
o .8753CE*02

BEGIN ITERATIONI W'=1ER 9

X-VECTCR
____0.566~E~.20.17994E+02 0.12269E+02 0.74228E+01

FUN:TICN VALUES
0. 87530E4CZ

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR

X-VECTOP
0.25539E*02 0.17994E+02 0.1217SE*02 0.74710E+01
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APPROXIMATE FUNCTION VALUES
0.87530E+02

SET VANE I TO 25.59 DEGREES

SET VANE 2 TO 17.99 DEGREES

SET VANE 3 TO 12.17 DEGREES

_ SET VANE 4 TO 7.47_DEGREES __

HOLO RPtr' CONSTANT AT A VALUE OF 5567.500
HOLD OVS CCNSTANT AT A VALUE OF 76.779
EFFICIENCY= 67.5300

FRECISE FUtCTION VALUES
0.87530E+02_

BEGIN ITERATION NLNtBER 10

NCMINAL DESIGN NJ.3ER 14

X-VECTCR
0.23539E+02 0.794E+02 0.121YSE+02 0.74710E+01

FU:NCTION VALUES
0.87530E+02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTAZ-VECTOR
0.27530E-02 -0.53158E-03 -0.88454E-03 0.12517E-02

X-VECTCR
0.25591Ei02-0-.17993E+oO2O 1217E+O O.74722E.O1

APPROXIfIATE FUNCTION VALUES
0.87530E 02

SET VA14E 1 TO 25.59 DEGREES

SET VANE 2 TO 17.99 DEGREES
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SET VANE 3 TO 12.17 DEGREES

SET VANE 4 TO 7.47 DEEE

-HOLD RPHC CONSTANT AT AVALUE OF 5567.500_
9OL6 DVS -CONSTANT*AT-A VALUE OF 76.779

bEFFICIENCY= 87.5300

PRECISE FUNCTION VALUES_______ ____

o .87530E*O2

FINAL RESULT OF APPROXIMATE OPTIMIZATION

VCMINAL DESIGN NUM BER = 1S

X-VECTCf - -___

0.25591E+O2 0.17993S+02 0.12174E+02 0.74722E+01

FNTC1VALUES________ __________

0 .3S30E+02

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATIO4

-_TITLE___

1 2 3 4

PF~OIMATCNI BASD ON 15 ESIGNS

N041INAL DESVr3N IS DESIGN NUMBER 15

0.2559E+02 0.1799E+02 0.1217E+02 0.7472E+01

V AUEfS- bF -F UNCTffIS-,F FiXii
0 .8753E+02

COEFFICIENTS OF TAYLOR SERIES EXPANSION

0 A A tT Eif 1 L LC SAL :VkAAL E 7

LINEAR TERMSs DEL F
0.177CE-03 -O.281BE-04 -0.7172E-04 0.1071E-03

KON-LINEAR TERMS, Ho BEGININS WI1TH DIAGONAL ELEMENT
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-0.4388E-01

ROV 3
-0.1688E-01

IRC' 4

-0.1263E-01

OPTIMIZATION RESULTS

OBJECTIVE FUNCTION
GLOBAL LOCATION 7 FUNCTiON VALUE 0.87530E.02

DOESIGNVARIABLES---

0. V. GLOBAL LCER UFPER
in NO. VAR. NO. cC ,u'llO VALUE BCtU, D

1 1 1 0.10000E,02 0.25591E 02 0.350C0E+02 _
2 z 2 0.500C0E401 O.17993E#02 O.2500CE+02
3 3 3 O.50000E*01 0.12174E+02 0.25000E402
4 4 4 0.50030E*01 0.74722E#01 0.25000E+02

WN * ,W** FINAL SOLUTION VALUES *N. .t4E.N

VANE ANGLE FM VANE I IS 25.59 DEGREES

VAIE ANLE FOI VANE 2 IS 17.99 DEGREES

VANE ANGLE FOR VANE 3 IS 12.17 DEGREES

VAN S ANGLE FOR VANE 4 IS 7.47 DEGREES

EFFICIENCY= 67.5300

RFC _WAS HELD CONSTANT AT 5567.50
DVS WAS HELO CON;ZTANT- AT 76.78

PRO GAM CALLS TO ANALIZ

ICALC CALLS

1 1
-- 2 15

3 1

1

I
I
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STAT09 VANE OPTIMIZER

____PROTOTYPESOFTWAR~ECAPA13LE.OF GUIDING THE-OPTIMIZATION OF.--_

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

FREPARED FOR THE AIR FORCE AERO PROPULSION LABCRATORY

UNDER CC14TRACT F33615-79-C-Z013

BY: PRATT & N41THEY AIRCRA~FT GROUP

GOVERNMENT PRODUCTS DIVISION

PLEASE MIT RETURN TO VIEW OPTIMIZATION GOAL MENUJ

I OPTIMIZATION CO!,01TIC!'S I CONSTRAIN7S I
NO I COAL I PF,".C '-C FR DVS 0.1. 1 S.M. I EFF I

--------------------------------------------

~~~ 1 IEFF I X - x

3I EFF I X X x I - I - I
3 41 EFF IX - - X ItitI
451 EFF I X - - - I_ 1W I - I______

1-EF I - X X x I MN I - I
671 S.M. I x - x I MI I - I
8 1 S.M. I X - - -x
a9I S.M1. I - X X - -x I I_____

11 1 S.H. I A - - - X I - I MIN I
ill I2 S.M. I - X x - - I - I MIN I
13 1 S1/DOI X X - - - I - I - I _____

14 1 ~ i:X C x k X - X I X M:NI1 11114 1
15 1 M!1CI! X - - -i I IMN IiiN I
i-5 I R IX X - I M iNN I(1 Cit

171 i_.. n x X I - x IMN I t!N I_____
ICU HAVE SELZCTED TO OPTIMIIZE EFFICIENCY HOLDIN3 - ____

CC7-ECTEO SPEED (RPMC) AND DISCHARGE VALVE SETTI1'S (DVS) CONSTANT

WhITH MIC13P~~t ' UEtRGlN
HOLD0 RP.C CC2 STJ'.NT AT E:67.500
HOLD CVS CC::STANT AT 76.779
C!3TII1IZltG 4 V.t 'E ANGLE(S.) ______________

-LC;4,R m;;D FC? VA: 1s 250.00 0
A ~0 YOU tSREE? (YN)

CCU:- ='N) FOG' 2 IS 5.000
Do YOU Acn1? (YIN)_________ ______

DO YC'J A077EE? (Y/N)
LC'.ER DU)FOR VANE 4 IS 5.00
DO YOU AG-REE? (YIN)___________

-UFPEP CtOFC7 VANE 115 I -35.0boo
DO YOU AGREE? (YI14)
UPFER DCLAD FOR VANE 2 IS 25.000

-DO YOU AG"EE?_(Y/t4) _____________

UPPER SOUND FC7? VANE 3 IS 25.000
DO YOU ASPEE? (Y/N)
UFPER CZ~Drc', V."!: 4 IS 115.000

-00,D YOU A!'-EE? (YIN)-
IN:-Rr:'ENTAL VA::E ANOLE V'ALUE FOI INITIAL VANE SETTIVS IS 2.00
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TITLE:

CONTROL PARAMETERS;
CALCULATION CONTROL, NCALC

NU*3ROF GLOBAL DESIGN- VARIABLES, _ -NOV -= 4 - ______
N'*-ROF SEtKSITIVITY VARIABLES, "SV

H'JHZER OF FU"CTICNS IN TWO-SPkCE, N2VAR = 0
f4UZ::ER OF APPROXItiATING VAR. HXAPRX = 4
IN7JT- IHFC7 ATIC.N -PR INTCODE, ___ IPUPUT 1=--I ______

DESU5 F21NT CODE, IPOBG 0

___CALCULATION CCt.TROL,_ NCALC_ _________

VALUE MEANING
1 SI:0LE ANALYSIS
2 CPT!IZATI^CN1

____3 SE!:ITIVITY______________
4 T-D-VA!7IIAELE FUN~CTION SPACE
5 OPTI.''JN SEN-ZITIVITY
6 A7P.%NIMATE OPTIMIZATION

GLCCAL VA!!IABLE N&:::3ER CF C3jECTIVE 7
MU'LTIPLIER (NESATIVE INDICATES MINIMIZATION) 0.1000E+01

CC:A IN F A,-.NETZ'7S (IF -ZEROCCN;MlN DEFAULT- WI LL- OVER-R I DE)

irntWT Ir:IAX ICNDlR ' CAL ITRIl LIK'03J NACMXI NFD3

5 ~ 0 5 0 3 _0 0 ___

FOCH FDCHXi CT CTMIN
O.1C 30E-01 0.1CCCCE-C2 -O.5OOOCE-01 0.4CCOOE-02

- CTL- - CTLllIti-' - - TF.TA FI
-0.10000E-O1 0.10000E-02 0.10000E+01 0.0

___DELFUN OABFL'N _______ AIPHAX _ ___ At'OBJ1 __

0.100COE-b2- 0.0 0.10030E+30 0.10030E+00

OESICN4 V2'rIA8LE D!FCqR"ATICN
- -N::J-ZEFO _INITIAL VALUE WI LL OVER- -RIDEMCDULE INPUT

0. V. -Lc:::. - UTFER INITIAL
No. E.CU;.D !X11 VALUE SCALE

1 0.100^EOE.02 0.3300CEE02 O.200CGE.02 0.0
2 0.50^0EE+01 -- 0.2Z-3C0+02 ___.120302____.0 _____

3- 0.50CCCE+o1 0.2--3oE+02 0.70000E+ol 0.0
4 O.S0000E+01 o.z3oCCEs+O2 0.70000E+01 0.0

* fE5IGN VAPIABLES
0. V. GLOBAL MULTIPLYING

I0 NO. VAR. ?FD. FACTOR
1-- 1-- 1- - 0.10000E.01 _ _____

2 2 2 0.10000E+01
3 3 3 0.10000E+01

4 4 4 0.10C:DE.01
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CONSTRAINT INFC2MATICN

__THEREARE__C CONSTRAINT_ SETS.-__

*AR_#PROXIIATE_ ANALY.SIS/OPTIIIZATION--NFOIATION __

tJUISER OF FUN~CTIONS APPROXIMIATED, NF = 0
HNBER OF INPUT X-VECTC'S, Nps= 5
NUZE~R OF IMr'T X-F PAIRS, -- _NPFS =__ 0 _____

X-VECTC7 FRC,'I ANALIZ, P4PA = 0
NMIINAL DESIGN, INCA = 0
READ UUIT FOI X-VECTC7S, ItCr'x= 5
PEAD UNIT FMR X-FPArRS,_____ soCRXF 5 _____

FRINT CCNJTPOL, IPAFRX = 1

M1INIM1UM APPF,0XItiATING CYCLES. KMIN= S
VAXIIN APFROXIt'ATINS CYCLES,__ YV~AN 17

PA:tu;DESICUS4 QSED IN FIT, t~t.:AX 28
N:lWfAL OES!C1 F ';ETER. C; 1 2

X-LCC.TIC4 VI-UT FP.:'TER, rrtLCC 0
- F-LCATICVJ INrJT FPIT~__IFO

TA YLER S:RIES 1.D. CZIE, MAXTflI 2

DELTA-X BCtWOS FOR APPROXIMATE OPTIMjIZATION
0.2CCO+1 0.2CtOr+01 O.200CE+Cl 0.2003E+01

MU'LTIPLIER ONI DL, XFACT1 =0.1500E+01
____:LTIPLI~ _ CA ".LX, ______ FACTZ- __0.2000E+01

GLC7 AL LOCAT!V:3 CF X-VAT~lIADLES
1 2 3- 4 __ ___ ___ __

GL03AL LOCCATICV:S OF FU:'CTMC.S

X-VECTOnS IPUT FRCM U'NIT

NU2ZE 1 DSIGN 1
0.ils0t242 0.1ClCE+0Z 0.500OE401 0.5000E+01

NI2ZE 2 DE3Ic7N 2
0.20C0E+O2 0.ICC3E.02 0.5OOCE+O1 0.5000E+01

N'JZZER 3 DESIGN 3
0.Z000E+02 0.2200Z+02 O.5000E+01 O.5000E+01

VLU.SER 4 DESIGN 4
0.2CCOE+02 0.12^SCE+02 0.7000.O 0.50COE.O1

HL'I Ep 5 DESXG41 5
0-:100E+02 0.123CE#02 0.700CE#O1 0.700CE.01
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* ESTIMATED_DATASTORAGE -REQUIREMENTS

PEAL INTEGER
INFUT EXECUTION AVAILABLE INPUT EXECUTION AVAILABLE

33 315 5000 22 64 1000

SETVANEI TO 18.00 DEGREES

SET VANE 2 TO 10.00 DEGREES

SET VANE 3 TO 5.00 DEGREES __

SET VANE 4 TO 5.00 DEGREES

HOLD R-IC CON4STANT AT A VALUE OF 5567.500
,3LO DVS CONSTA,T AT A VALUE OF 76.779

EFE!CIENCY= 8;.6000

SET VANE 1 TO 20.00 DEGREES

SET VANE 2 TO 10.00 DEC_'_S

SET VANE 3 TO 5.00 DECREES

SET VNE 4 TO 5.00 DEGREES

HOLD RPP= CC;:STAN!T AT A VALUE OF 5567.500
HOLD DVS CO:NSTANT AT A VALUE OF 76.779
EFFICIECY= -6.7400

SET VANE 1 TO 20.00 DEGREES

SET VANE 2 TO 12.00 DEGREES

SET VANE 3 TO 5.00 DECREES.---

SET VANE 4 TO 5.00 DEGREES

-VOLD PPMC COVSTANT AT A VALUE OF .... 5567.500 _._.
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= ,65.000

SET VANE 1 TO 20.00 DECREES

SET VANE 21 TO 12.00 DECREES

SET VANE 3 TO 7.00 DECREES

SOT VANE 4 TO 5.00 cECREES. . .

HOLD RF:'C CC:STAk4T AT A VALUE OF 5567.500
HOLD O<3 CCNSTINT AT A VALUE OF 76.779

- EFFICIEKCY= - 86.9303 __ _ _
i
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SET VANE 1 TO 20.00 _DEGREES

SET VAN" 2 TO 12.00 DEGREES

SET VANE 3 TO 7.00 DEGREES

SET VAKE 4 TO 7.00 DEGREES

HOLD RF:C CONSTANT AT A VALUE OF 5567.500

" HOLO-0VS -CC:-:STA,4T AT A- VALUE-OF - 76. 779
EFF CIEN,'CY= 87.CDO0

I AFPPRO.I1ATE OPTIMIZATION ITERATION HISTOPY

APPROXIM1ATING FL.CTIC. 1 IS THE CBJECTIVE

DESIGN VARIABLE NU.N:BERS ASSCCIATED WITH AFFROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATION WJEBER 1

X-VECTCR
___0.20000E+02 0.12000E+02 0.70000E+01 0.70000E+01

FUNCTION VALUES
0.87320E+02

RESULTS OF AFPpOXItATE OPTZIZZATION

DELTA-X V7CTCR
O..JO~C+'. 0.20200E+01 0.20000E.01 O.ZO000E.C1

X-VCCTCI
0.220COE+02 0.14000E+02 0.".000E+01 0.93000E+01

.FF.OX.XTE FUNCTICN VALUES

SET VANE 1 TO 22.00 DEGREES

SET VA N 3 TO 9.00 OEG7EES

I SETVANE~ TO 9.00DEGREES

POLD RPC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CC;STANT AT A VALUE OF 76.779
EFFICIZ.'CY= - 87.2000 ...

PRECIS
- 
FUVTIO) VALUES

0.87200E+02

BEGIN ITERATIC4 NUMMER 2

I CMtI AL oESIGN NUMBER 6

X-VECTOR
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0.22O00E+02 0.14000E+02 0.90000F+01 O.90000E.o1

FUINCTICH VALUES

RESULTS OF APPROXIMtATE OPTW1IZATION

OELTA-X VECTOR______
-0.1719LE+01 0.20030E+01 O.2COOOE.O1 0.20000E+01

X-VECTOR
0.~C81E.2 016COE.02 O.1OOOE02 O110 0O

AFF70XIMIATE FUNCTION VALUES
O .8738CE.02 ______

- SET VANE_1 -TO _.2O.Z8 DEGlEES _____________

SET VANE 2 TO 16.00 DEGPEES

_S_7T VANE 3 _To 11..00 DEZREES _______

SET VANE 4 TO 11.00 DEGREES

____FOLD RP14C CONSTANT AT A VALUE OF 5567.500 ____

HiOLD D.VS CC ,3T,,!7 AT A VALUE CF76.779
EFFICIZ'Y= 37.0600

F71ECIS=E FU'=CICN -VALUES ___________________

E6EGIFITtP7ATlCfitl 3:

KTNINIAL CZSI'1I .1 7

_X-VECTCR;
0.20:81E+02 O.16000E.02 0.11000E+02 0.11000E+02

0.8coZ:

RESULTS OF ,Pr-,.xIV,,TE OPTIMIZATION_____________

DELTA-X VECTOR
0.30000E*01 -0.30000E+01 0.20COOE+01 0.20000E+01

)(-VECTCR____-

0.23231E+02 0.13000E+02 0.13000E ,02 0.13000E+02

APFROXIIIATE FUNCTION VALUES________
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• II 0.87489E+02

SET VANE 2 TO 13.00 DEGREES

SET VAAE 3 TO 13.00 OEGkEES

SET VANE 4 TO 13.CO DEGREES

HOLD RRM-~C CCN TTAT A VALLE OF 5567.500
H3LO OVS CCU4STANT AT A VALUE OF 76.779
EFFICIENCY= e6.8100

lFECftS FUNC-TION AL'
0.86810E 0O

BEGIN ITERATICA WU. ER 4

- N.O'If:AL- DESIGN N~.R 8 ______________

X-VECTCR
0.23Z81E+02 0.11000E+02 0.13000E 02 0.13000E+02

FUNCTIM4 VALUES -______---___ ___

0.36310E+02

RESLTSOF ...... TE OPTIf-IZATION

DELTA-X V-CTCI

0.25161E+00 0.3CO00.01 -0.30000E401 0.20000E#01

X-VECTO.O

0.23532E+02 0.16000E+02 0.10000E+02 0.15000E+02

AF 1 ,TE F-U-T'..C-N VALUES
o.373 1.02

SET VANE I TO 23.53 DEGREES

SET VA_ E 2 TO 16.00 OEC.IEES_

SET VANE 3 TO 10.00 DECREES

SET VANE 4 TO 15.00 DEGR EES

HOLD RF.C CONSTANT AT A VALUE OF 5567.500
HOLD OVS COtSTANT AT A VALUE OF 76.779
EFFICIENCY= 86.5400
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PRECISE FUNCTION VALUES
0.86540E+02

BEGIN ITERATION NUIBER 5

:C:IZNAL DESIC NJ ER = 9

X-VECTCl
____0.23532E+O2__O.16000E.02__00.1O000E.02_O.15000E.Oe__

FUNCTION VALUES

0.8654CE.02

RESULTS OF APPCItIATE OPTIhIZATZON

DELTA-X VECTOl-
O.20337E-01 0.58720E+00 0.234P84E+01 -0.30000E+01

X-VECTCR
0.27552E+02 0.16587E+02 0.12348E+02 0.12000E.02___

AFF OcxMATE FUNCTICN VALUES
0.87039E+02

SET VANE 1 TO 23.55 DEGPEES

SET VAUE 2 TO 16.59 DECREES

SET V..!E 3 TO 12.15 DECIEES

-SET--VANE-4-TO 12.0 oobcCECs

HOLDR; CCNSTANT AT A VALUE OF 5567.500
HOLD OVS CC:;LTANT AT A VALUE CF 76.779
EFFICIE::CY= 37.1130C

FPECISS FU NCTIC4 VALUES
0.67180E+.02_

CEGIN ITERATIOHINUMSER 6

NOWIINAL DESIGN NUMBER = 10

X-VECTOR

0.23552E+02 0.16587E 02 0.12348E+02 O.12000E#02

FL'.ZTIC! VALUES
____ 0 .C7130E.02 __

RESULTS OF APP OXIMATE OPTIMIZATIre I
OELTA-C VCCTCq

0.3CCOOE+01 0.10010E+01 0.3CC20E*O1 -0.30003E+01
-X-VT-CTO!

0.26352E+02 -.- S37E"C2 0.153482#02 0.90000E
-

01

APF7OXIMATE FUNCTION VALUES
0.87a13r+02
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:ET VANE. 1 TO_ _26_55DEGREES

SET VANE 2 TO 19.59 DEGREES

SET VANE 3 TO 15.35 DEGREES

SET VANE 4 TO 9.00 DEGREES

H__CLO RFICCONSTANT AT A VALUE OF 5567.500
HOLD _VS _CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3200

PRECISE FUNLCTION VALUES
o .37320E+02

DEGIN ITERATICN N'UN :ER 7

HOMINAL DESIGN NUMBER z 11

0.26552E+02 0.19587E 02 0.15348E 02 0.90000E+01

FUNCTION VALUES
0.37320E+C2

RESULTS OF APPrOXIfATE OPTIMIZATION

CELTA-X VECTOR
-0.30000E+01 -0.37551E00 -0.57363E+00 -0.2"680E+01

O.2355.E+02 0.19212E+02 0.14775E02 0.67320E+01

APrROXIMATE FLNCTICN VALUES

0.87493E02

SET V;'E 1 TO 23.55 DEGPEES

SET V.VE 2 TO 19.21 DEt..-ES

SET VAE 3 T0-14.77 OEC'EES

tET VAE 4 TO 6.73 OE.DCEES

HOLD 07:,C CC':STANT AT A VALUE OF 5567.500
HOLD OVS CCNSTANT AT A VALUE OF 76.779
EFFICIENCY= 07.2700

F.EC7E FU+CTI~ VALUES
0 .87.70E.O2
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BEGIN ITEq#ATION NUMB3ER a

X-VECTOR
O.2355ZE402 0.19212E.02 O.14775E402 O.67320E.O1

FUNqtICN VALUE~S
o0.87270E+02

RESUTLrS-CF APFROXIMATE OPTIMiIZATION

OELTA-X VECTCR
0___ .13000E+01_-0.10000E+01 -0.10000E+01 0.69491E+00

_________________________________

0.24532E+02 0.18212E+02 0.13775E+02 0.742617E+01

AP!'CXIV,-ATC FUN:TiC~l VALUES

SET VANE 1 TO 24.55 DEGREES

SET VXE 2 TO 18.21 DEGREES

SET V.WNE 3 TO 13.77 DEGREES

SET VAN1E 4 TO 7.43 DEGREES_____ ______

HOLD PP;-IC CCtNSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFF!CI--et:CY= 87.4700 ________

PRECISE FL'!!CTION VALUES
0.a7470E+02

BEGIN ITERATION NUMBER 9

Pf-'k!IAL DESIG~INUME 3 __

X-VECTCl

0.24552E+02 0.13212E+02 0.13775E+02 _0.74269E+01____

FUNCTIC4 VALUES
0.87470E+02

RESULTS OF APFROXIIIATE OPTIMIZATION

-OELTA-X VECTCR ____

0.30000TE.03 -0.22538E+01 -0.27215E+01 -0.11338E+01

X-VECT2q
0.275c2E.02 0.15958E+02 0.11053E+02 0.62931E+01____

APPROXIM1ATE FUNCTIC:4 VALUES
0. 87775E+ 02

SET VINE 1 TO 27.55 OEG7EES
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SET VANE 3 TO 11.05 DEGREES

--- SET VA. :E 4 TO'- 6.29 DEGREES

HOLD RFMC CONSTANT AT A VALUE OF 5567.500
HOLO OVS CC14ST,NT AT A VALUE OF 76.779

PRECISE FUNCTION VALUES
0.87233E02

BEGIN ITERATION NUM3ER 10

NOIINAL DESIGN NUMBER m 14

X-VECTOR

0.27532E+02 O.15958E+02 0.11053E+02 0.62931E+01

FU.CTIOM VALUES

__ _ _ O0.87230E.02.. .. .. . . . . .. . . .. . . .

RESULTS OF APPROXItATE OPTIMIZATION

- DELTA-X VECTOR
-0.30000E+01 0.18264E+01 0.6.902E+00 0.14670E+01

<X-VECTCR
0.2 352E+02 0.17734'7+02 0.116Z2E02 O.77601E+01 --

APFROX:?IATE FUN--TION VALUES
0.8738. 0"

SETVANE 1 TO 24.55 DEGREES

SET VANE 2 TO 17.78 DEGREES

SET _VAN'E 3 TO__ 11.68 DEGREES

SET VANE 4 TO 7.76 DEGREES

HOLD PR:;C COKSTANT AT A VALUE OF _ .5567.500
HOLD DV3 CZ:,3TMT AT A VALUE OF 76.779
EFFICIEICY= 87.5200

PRECIS FUVCTION VALUES
0.07510E+02

BEGIR-tTERATION tU::3ER I I

N3'I4NAL DESIGN NUMiER 15

X-A':CTCR
0.24552E+02 0.17784E402 0.11682E*02 0.77601E+01

FUNCTION VALUES
-- 0.87520E G2
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RESULTS OF APPROXIhATE OPTIMIZATION

DELTA-X VECTOR
-0.15094E+00 0.30000E+01 -0.27914E+01 0.12013E+00

• " -vECTCq

0.24402E+02 0.20784E+02 0.88905E,01 0.78802E+01

APPROXIMATE FUNCTION VALUES

0.87778E 02

SET VANE 1 TO 24.40 DEGREES

SET VANE 2 TO 20.78 DEGREES

SET V4E3-Tu--- 8.89 DECREES

SET VANE 4 TO 7.88 DEGREES

iAbLO RPI'C CONSTANT AT A VALUE OF 5567.500
HOLD DVS CCISTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3000

PRECISE-FUNCTICHNVALUES
0.87300E+02

BEGIN ITERATION NUZ:ER 12

Nt0l .NAL DESIGN NU ;SER . 16

X-VECTCR
0.24 C0E+02 0.20734E+02 0.88905E 01 0.78802E401

FU :CTIO:I-VALUES -- - _________

0.87300E+02

-RESULTS OF APPRO]fIATE-OPTtIZATICN

DELTA-X VECTO
-0.12274=+00 -0.30300E+01 0.13476E+01 -0.12194E+00

X-VECTCl
0.24279E 02 0.17784E 02 0.10238E 02 0.77583E 01

0.874OE+02

SET VANE 1 TO 24.28 DEGREES

SET VANE 2 TO 17.78 DEGREES

SET VANE 3 TO 10.24 DEGREES

SET VANE 4 TO 7.76 DECREES

HOLD RPMC CO:lSTAHT AT A VALUE OF 5567.500
EOLD DVS CO.;STANT AT A VALUE OF 76.779
EFFICIE:,CY= 87.4900

72



PRECISE FUNCTIOv, VALUES
0.87490E*02

BEGIN ITERATION NUMBER 13

X-VECTOq
0.24279E 02 0.17784E+02 0.10238E+02 0.77583E+01

FUNCTION VALUES
0.87490E+02

RESULTS OF APPFOXIhATE OPTIMIZATION

_ DELTA-X VECTOR
-0.13156E-01 -. 41EO O100.1-.82EO

X-VECTCl

0.24Z66E02_ 0.17039E+02 0.843S1E01 0.74710E+01__

APPPOXIMiATE FUNCTIC1 VALUES
0.87SE6E+c2

SET VA !E I TO 24.27 DEGIEES

SET VE Z TO 17.04 DEG7EES

SET VANE 3 TO 8.44 DEGtEES

SEf-V t,'-4 TO 7.-47 DEG'EES

tCLD Pfl!C CC-T3TAXT AT A VALUL CF 5567.500
HOLD OVS CO:'3Tt!T AT A V-ALU OF 76.779
EFFICla.:Y= 87.6 00

PRECISE FUWCTION VALUES
0.87493E402

I

BEGIN ITERATION NUMBER 14

N04INAL DESIGN NUN3ER = 18

X-VECOR ___

0.24266E+02 0.17039E+02 0.84351E#01 0.74710E.01

FUNCTICI VALUES
0.87490E*02

IRESULTS OF APPROXMATE OPTIIZATIGN
OELTA-X VECTGR

I 0.139e6E+00 0.15656E-01 -O.10000E+01 0.2633:E00

X-VECTO0
-- O.-044C6E402 0-.170552.02 Ob.743SlE.-OilO.-773'4E-OI

APPROXIMATE FWCT!04 VALUES

0.87502402 7--- ; ; x ... 3

I%



SET VANE I TO 24.41 DEGREES.-___

SET VANS 2 TO 17.0S DEGIEES

SET VANE_3_TO 7.44 DEGREES_____ ____

SET VANE 4 TO 7.73 DEGREES

H-lOLD RF:!C CCNSTA,%T AT A VALUE OF ___5567 *.500
HOLD0 C',-S -CONSTANT AT A VALUE OF 76.779
EFF!CI -z.CY= 07.4300

PPSCISE FUN~CTION VALUES____ _____

0. 87430E+02

FINAL RESULT OF APPROXIMATE OPTIMIZATION

NO!I*.IAL DESIGN KU.MB=R 15

X -VECTCq
0.24552E+02 0.17734E+02 0.1168S2E+02 0.77601E+01

FL!NCTIO'l VALUES__
0.37320E+02

RESULTS OF APPROXIMATE ANALYSIS/CPTIMIZATICN

TITLE

cLcrlL LQ!.ATIC.3 OF X-VA7,IACLES
1 2 3 4

-GLCB' LLCCATIONS Or FUNCTIONS, FOCI
7

APP.-.CXIMATION IS EASED ON -19 DESIGHS

N-NNINAL DESIGN IS DESIGN NC:*T,!R 15

VALUES CF X-VA1IABLES
0-^4- 5:.02 0.1778E+02 0.1168E+02 0.7760E+01

VALUES CF FLKCTIC!,5, F(X)

0 .875,E+02

COEFFICIENTS OF TAYLOR SE7IE3 EX:F.1,SO?1

- 1-- GLOBAL VARIASLE

LltltO TEPV.3. DEL F
____-0.1274E-02_ -0.114SE-01 _-0.3592E-02_ -0.2156E-01--

tI-!?~A9TERM-S, H, BGtI5WITH DIAGONAL ELEM~ENT
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ROWI *ON 1 -

- 0.2531E-01

ROIA 2I ~-o.10-1o

RO:4 3-0. 96,5E-02

ROW 4

-0. 3166E-01

IOPTIMIZATION RESULTS
OBJECTIVE FUNCTIC____......
GLOBAL LOCATICN 7 FUNCTION VALUE 0.87520E+02

DESIGNVAqrABLES___ __

0. V. GLODAL L ...R UPPER
I NO. VAR. NC. ECk.':J VALUE BOUND
1 1 1 0.ICOOE402_ 0.24552E02 __0.3SOOOE+02._

2 2 2 0.50000E+01 O.17784E+0 0.25000E+02
3 3 3 0.5000PE+01 0.11682E+02 0.25000E+02
4 4 4 O.SaOOOE401 O.77Z01E+01 0.25000E+02

'- * '* FINAL SOLUTION VALUES *N*I.

VANE ANSLE FOR VANE 1 IS 24.55 DEGREES

VAN"Z!,"SLE FCR VAIE 2 Is 17.78 DECREES_

VAME A";SLE FOR \P ' ' 3 . S 11.68 DEGREES

VA E 'f,-!LE FCR VtE 4 IS . ... 7.76 DEGCEES_ ____

EFFICIE!CY= 67.5200

RPVC W S HELD C NSTANT AT 5567.50
DVS W%3 HELD CC;,3ANT AT 76.78

PROGRAM CALLS TO ANALIZ

ICALC CALLS
__ _1 __ 1

19
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STATOR VANE OPTIMIZER

PROTOTYPE-SOFTWARE CAPABLE OF GUIDIKG THE OPTIMIZATION OF--

STATOR VANE ANI3 BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY

Ut,"ER CONTRACT F33615-79-C-2013

BY: PRATT & kHIlTNEY AIRCRAFT GROUP4 GOVERNMENT PRODUCTS DIVISION

4 PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MEN4U

I OPTIMIZATION CO!,:ITICNS I CONSTRAINTS I
NO I GOAL I PPMC IXC PR DVS 0.1. I S.M. I EFF I

-1 1-.EFFI .X-----X - I-- I-- I-_ _.-

........... 2 1 EFF I X - - - X I - I- I
3 1 EFF I - X X - - I - I - I
4 1 EFF I X - - X - I MIN I- I

- 5.IEFF -1 --X,-- - -. X _- I M4II- I _ _ _-

6 1 EFF I - x X - - I MIN I- I
7 I S.Ml. I X - - x - I - I - I
8 1 S.M. I x - - - X I - I - I

. 91 1 .M. I -x .- - I
11 1 S.M. I X - - - X I - I HIN I
11 1 S.M. I - xX - - I I IMIN I

V 1~3 1 X_ X___1
14 I MAX WC I X - - X I MI4 IN I
is ft2I :C I X - - I 1MIN MIN I

- . .16 I rR I x x - - - I M14 I N I

YOU HAVE SELECTED TO OPTIMIZE SURGE MA!7GIN HO0L 0 N1t

VCORREZTCD SPEED (RPrIC) AVD DISCHARGE VALVE SETTING (DVS) CONSTANT

'I WITH N3 CCNSTPA114T -0- EFi !':IE -NCY-. - - - -

HOLD RF; CCN~STANT AT 5567.500
H~OLD OVS CCNSTANT AT 76.779

_OPTIN1TZ!'3 4 V'P'E ANGLECS L_.._
LO;!:R CO'Ot FC7 VANE 1 IS 10.000
DO YCJ AGREE? (Y/N)
LC::!P CTUL'D FC' VANE 2 IS 5.000
'0 YCJ tGIEE? YN .___ ~___ ___ __-

LO:,'rP COUND FCR VANE 3 IS 5.000
00 ;CU ASREE? (YIN)
LONER COUD FOR VA~NE 4 IS 5.000

-DO0 YOU AGREE? (YIN)-
UPPER BONO FOR VANE 1 IS 35.000
DO YCU AGREE? (Y/141
UPPER DZL'ND FOR VANE 2 IS 25.000
OO-YOUAGREE? (Y/N)-.

UPPER '3CJt.D FOR VANE 3 IS 25.000
DO YOU AGREE? (Y/N)
UPFEnc OOU?!0 FOI7 VANE 4 IS 25.000

-. 0 YOU AS7EE? (Y/N3

IIXCLE:!ZNTAL VANE AN4GLE VALUE FOR INITIAL VANE SETTINJG IS -2.00
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TITLE:

CONTROL PARAMETERS;
CALCULATION CONTROLo NCALC 6
N-U.1EER OF GLC3AL DESIGN VARIABLES.- . N3V--__4_______-
14U!IZER OF SENSITIVITY VARIABLES, NSV = 0
NU82ER OF FL'!:CTIC.flS IN TWO-SPACE, tJQ VAR = 0
NUNiDER CF APF,-OXI11ATflNS VAR. NXAPPX = 4

-IPU IttFOrM.TZ:ON PRIN4T COE,..--.IPN'UT =---l---
DEBUJG PRINT CODE. IFOG 0

CALCULATIL'N CC::TPOL, NCALC ... ____

VALUE r1EAN!N'S
1 SINGLE ANALYSIS
2 OPTIM!!ZATIO.4

____3 -__ SENSITIVITY - _____________

4 TV-VAP!AC LE FU%ZTICN SPACE
5 CPTIML'l SENSITIVITY
6 APPROXIMATE CPTIMIZATION

* OTIMIZATIO:4 INFORMIATION - .___

GLCBAL VARIA.BLE NU"!!ER Cc CSJECTIVE 6
M~ULTIPLIER (t,*:-ATI%'E It;7:CATES MINIMIZATION) 0.1000E+01

CCNHiIN PAPA!CEES (IF ZEqO, C'C'-NIN DEFAULT WILL CVE7-IDE)

IPRINT IflIAX ICHOIR KSCA L ITRtf LINCOJ HACMXI NFCG
___ --- 1 5 - -0- 3 0 1O- _0.

F 4F C ! " CT CT!IIN
0.100OOE-01 O.100COE-02 -0.5000CE-01 0.40OCE-02

CTL C T L MN THETA HIl
-0.10000E-01. 0.1OCOOE-02 0.1C300E.01 0.0

__ OLFL'N- - D;'.FL~ ALF'AX - AC3JI
0.10000E-02 0.0 0.10000E+00 0.10000E*00

OESI :N VAPIALILE INF07PNtTI0N
- t:4-;E73 INITIAL VALU- WILL OVER-RIDE MCDJLE INPUT_

D. V. L(D2:CR UP r ZR INITIAL
NO. culjC ou.1D VALUE SCALE

1 0.10CCzE+O2 0.3SCOCE+02 0.2701OE402 0.0
2, _0.50000E+01_ 0.250POE+02 ,0.16000E02. 0.0...___
3 0.50CCOE.C1 0.^-500E+02 0.13000E+02 0.0
4 O.50COCE401 a.:5COCE4(2 0.900CCE*Ol 0.0

- ESIGN VAIIABLES
0. V. GLCBAL MUJLTIPLYING

Io No. VAR. NO. FACTO

2 2 2 0.10000E*01
3 3 3 0.10OCCE+01
4 4 4 0.10ocOD+01

CON4STIAINT INFORMATION

_T1FERE-1E .0 CC'!3TRAINT SETS
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I _____A_*APPROXIMATE ANALYSIS/OPTIhiIZATION. INFORtIATION_

NUMBER OF FUNCTIONS APPROXIMATED, NF = 0
ItUfIDER OF Itf'rUT X-VECTCRS, NpS = 5
HU:ER OF INPUT X-F PAIRS,..... NPFS =_--
X-VECTOR FROM AfIALIZ, 1?A = 0
NOMINAL DESIGN, IMOl = 0
READ UNIT FOR X-VECTORS, ISCRX = 5

-READ UAIT FOR X-F. PAIRS, .. ISCRXF =_5
PRINT CONTROL, IPAPRX r 1

IIII:UM APPROXIMATING CYCLES, KMIN = 5
____J1AXI,U;1 APPROXIMATING CYCLES, KMX.= -_17

MAXIMJM OESICNS USED IN FIT, NPMAX = 2
NOMINAL DESIGN'l PARAMETER, JNCM = 28
X-LOCATICN IfrUT PARAt:ETER, INXLOC = 0

_ E-LCrATICN INTUT PAP. ETER,. -INFLOC =- .0_ -
TAYLER SERIES 1.D. CCDE, t:AXTRM = 2

_ DELTA-X OUINOS FOR APPROXIMATE. OPTIMIZATION __-
O.ZOOOE+O1 O.ZOCOE+O1 0.2000L-01 O.2OO0E+01

MULTIPLIER ON DELX, XFACT1 = 0.1500E+01
__MULTIPLIERON DELX, -_ XFACT2 _=_0.ZOOOE 01._

GLODAL LOCATIC,,S CF X-VARIA".LES
1 - - - 3 . ... . .

GLOBAL LCCATIO'S OF FUNCTICN'S

X-VECTOS INPUT FROM UNIT 5

NUt;3ER I DESIG-4 1
0.2300E+02 0.18CCE+02 0.1500E+02 O.1100E+02

NUI;3ER 2 DESIGN 2
0.27CCE+02 0.1800CE+0Z 0.150E+02 0.110E+02

NUMBER 3 DESIGN 3
0.2700E+02 0.1600E+02 0 150CE402 0.1100E+02

NUll3ER 4 DESIGN 4
O.2700E+02 0.1600E+02 0.130CE+02 0.1100E+02

NU:13ER S DESIGN 5
0.2700E+02 0.16CCE+C2 0.1300E+02 0.9000E+01

__ .* ESTIMATED DATA STORAGE REQUIREMENTS_

REAL INTEGER

INPUT EXECUTIO;N AVAILABLE INPUT EXECUTION AVAILABLE
33 315 _ 5C00 _ 22 .64. 1000

I
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.SEL.VAE_ I TO __29. 0_DEGUEES -___

SET VANE 2 TO 18.00 DEGREES

. SETVANE_3T0__15O0.DEGEES __ _

SET VAt:.- 4 TO 11.00 DEGREES

--- HOLD RF71C CONSTANT.AT-A VALUE OF-_ 5567.500-
HOLD OVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 8.2600

SET VANE 1 TO 27.00 DEGREES

___SET_VANE 2_TO 18.00_DEGPEES.

SET VANE 3 TO 15.00 DEGPEES

SET _VANE 4_TO 11..00_DECREES____ _

HOLD RPC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CISTANT AT A VALUE OF 76.779

-SURSE MARGIN. = __8.7500 ____

_SETVANE_1 _TO 27.00 -DEGREES

SET VANE 2 TO 16.00 DEGREES

SET _VANE_3 TO 15.00 DEGREES______

SET VANE 4 TO 11.00 DEGREES

_ HOLD P.'!C CONSTANT AT A VALUE OF ... 5567.500 ..
HOLD OV3 CC.,STANT AT A VALUE OF 76.779
SU2GE HIARGINt 8.8700

S E T V A N E I T O D E G R

SET VANE 1 TO 27.00 DEGREES

-. SET V)E 2 TO_ 16.00 DEREES ........ ....-

SET VANE 3 TO 13.00 DEGREES

-- SET VANE 4 TO 1.00 EGREES ....

HOLD RFMC CCNSTAT AT A VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
_ SWIGE M-RGIN'= 9.1200

t.1
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I
_SET VANE_. _T02___7.00_ DEGPEES _____

SET VANE 2 TO 16.00 DEC.EF!3

.SETVAN.F 3_T0__13. 0ODEGREES

SET VANE 4 TO 9.00 DEGREES

-HOLD RPMC CONSTANTATA VALUE OF -5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE IARGIN= 9.1800

j APPROXIMATE OPTIMIZATION ITERATION HISTORY

APPROXIMATING FUNCTION 1 IS THE OBJECTIVE

OESIGN VARIABLE NUM-fBERS ASSOCIATED WITH APPROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATION N"JMBER 1

NOMINAL DESIGN tlUN':-ER 5

X-VECTOR
. ...0.700E0. 0.16000E+0Z. 0.13000E+02 -0.90000E+01-

FUNCTION VALUES
0.91300E+01

RESULTS OF APPROXIMATE OPTIMIZATION

- DELTA-X VECTCl .. . . ..
-0.20COCE+01 -O.20000+C01 -0.20000E401 -0.20000E+01

X-V[CTOC
. 0._5B00E+07. C.1400E+02. 0.1100+02- 0.70000E+01_....

APPROXIMATE FU!:CTI0N VALUES
0.10100E+02

SET VANE 1 TO 25.00 DEC-REES

SET VAN!E 2 TO 14.00 DEG7EES

SET VANE 3 TO 11.00 DECREES

SET VANE 4 TO 7.00 D:EREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
-HOLD OVS CC:iATANT.AT A VALUEOF.. 76.779 ....j SL'PGE M'ARGIN= 9.6300

FPECISE FUNCTICII VALUES
O.q6300E+01

IBEGIN ITERATION NU1ER 2_

NOMINAL DESIGN hU4.3ER 6~X-V E TO ... . ..... .
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0.25000E+02 0.14000E+02 0.11000E+02 0.70000E+01

FUNCTION VALUES
____0.96300E+01 .-- - - -

RESULTS OF APPROXIMATE OPTIMIZATION

-bELTA-X VECTOR--- , --- I
0.91473E+00 -0.20000E+01 -0.20000E401 -0.20000E+01

__X-VECTCR .. ~ - - ---

0.2~5915E+02 0.12000E+02 0.90000E+01 0.50000E+01

APPROXIMATE FUNCTION VALUES
-- 0.10109E+02..................._ -

-SET.-VANE 1_TO__ 25.91 DEGREES __

SET VAtVE 2 TO 12.00 OEG7EES

.... SETVANE3-T0 ___9.O00DGES. __

SET VANE 4 TO 5.00 DECRPEES

-- HOLD PPF1C CONSTANT AT A VALUE OF_- 5567.500
HOLD 0.3 CO;1*STAtT AT A VALUE OF 76.779
SURGE ?II.RGIN= 9.6500

__PRECIZE FUNCTION VALU'ES. -

0.96500E+01

BEGIN ITERATIC'l NU?12ER 3

t4OMIHAL DESICN NUJ3ER 7

X-VECTOR
0.25915E+02 0.12000E+02 0.90000E+02 0.50000E+01

0. 96500E+01

-_RESULTS OF APPROXIMATE OPTIMIZATION _- ___

DELTA-X VECTOR
-0.12697L+01 0.30000E+01 -0.20000E+01 -0.19073E-05

X-VECTOR
0.24645E+02 0.15000E+02 0.70000E+01 0.50000E.01

__APPROXIMATE, FUNCTION VALUES
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0.04E0
EVANE 1 TO 24.65 DEGREESf

SET VANE 2 TO 15.00 DEGRE.S

SE VANE 3 -O 70 ERE

SET VANE 4 TO 7.00 DEGREES

HOLD RFNC CONSTANT AT A VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 9.8100

PRECISE FU.NCTION VALUES
0.93100E+01

BEGIN ITERATICN NUMBER 4

-- NOMINAL. DESIGN NUMBSER

X-VECTOR
0.24645E+02 0.15000E+C2 0.70000E+01 0.50000E+01

FiUNCTIC1N VALUES
0. 93100E+01

RESULTS OF APPROXIMATE OPTIMIZATION1

OELTA-X VECTOR
___-0.3?15E-03 .- O.3369SEs30-. 0.54003E.00--..0.737E-06-

X-VECTCR:
0.24644E+02 0.14613E+02 0.75400E+01 0.5000CE+01

APPRXIMTE UNCIONVALUES

SET VANE 1 TO 24.64 OEG7EES

__sEsrVA. 2 ZT0.-14.61 OECOREES.. ___________

SET VA14E 3 TO 7.54 DEGREES

___SETVANE 405.O E P E.__ ___-

HOLD RPNC CONSTANIT AT A VALUE OF 5567.500
HOLD CVS CONSTANT AT A VALUE OF 76.779

__URGE MARGIN: 9.7300 - ____
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PRECISE FUNCTIN VALUES
0.97300E+01

BEGIN ITERATION NUMBER s

NOMINAL OESIGN NUMBER 9

X-VECTOR
_ 0.24644E.02- 0.14613E+O-O.7S400E.OlO.50000E+OL

FUNCTICN VALUES
0.97300E+01

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-XVECTO O...........
0.10392E-02 -0.300COE+01 -0.25400E+01 0.30000E+01

X-VECTOR
S0.254SE+020.11613E+O2 __.500 £+O.L_0.80000EOL_

APPROXIMATE FUNCTION VALUES
0.11230E+02

SET VANE I TO 24.65 ODREES

SET VAE 2 TO 11.61 DSC-EES

SET VANE 3 TO 5.C0 DEGREES

SET WVNE 4 TO 3.00 CEC7EES

HOLD RPHC CONSTANT AT A VALUE OF 5567.500

___HnLO0OVS COISTANT. AT A-VALUE0OF __ 76.779
SURGE MARGIN= 9.8600

PRECISE FUNCTION VALUES
_ 0.98600E401- -

__BEGIN-ITERATION NUMBER.____6

NOMINAL DESIGM NUMBER z 10

X-VECTOR____

0.2645E+02 0.11613E+02 O.50000E.01 0.80000E+01

FUNCTICN VALUES
. 0.9Z00E01

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOI
0.1783CE+00 0.16957E401 0.0 -0.21006E+00

- -X -VECT R... . . . . . . . . . .
0.24024E+02 0.13309E+C2 0.50000E+01 0.77899E+01

APF:OXIMkTE FUICTION VALUES

-- 0.93910E.01 ..- -
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-SETVAN4E -1 TO_24.82 DEGREES-

SET VANE 2 TO 13.31 DEGREES

. SETVANE-3 TO- 5. 00ODEGREES

SET VANE 4 TO 7.79 DECREES

-HOLD RFIC CONSTANT AT.-A VALUE OF- 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 9.7100

-PRECISE FUNCTION-VALUES
0.97100E+01

BEGItN ITERATIO NU;GER 7

NOHI PAL DESIGN UIER = 11

X-VECTC!
0.24324E+02 0.13309E+02 0.50000E+01 0.77899E 01

_FUZTICN.VALUES__ ____
0.971C0E+01

R__ESULTS OF APPROXIMATE CPTIMIZTIOH -

DELTA-X VECTOR
-O.Z!3OE+01 -0.30000E+01 0.30000E+01 0.1780,qE+01

0.22243E+02 0.10309E+02 0.80000E+01 0.95708E+01

-APFROXIMATE FUNCTION -VALUES-.---

0.1O1O1E+02

SET VANE 1 TO 22.24 CrGPEES

SET VANE 2 TO 10.31 DEGREES

SET V.NJE 3 TO 8.00 DEGPEES

SET VAE 4 TO 9.57 DEG EES

HOLD CF!C COSTANT AT A VALUE OF 5567.500
HOLD DVS CWISTANT AT A VALUE OF 76. 779
SURGE MARG!N= 9.9000

PR CIZ: FUNCTION VALUES
0. 9SO00E+C1
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BEGIN ITERATION NUttBER 8

.J OIAL-DESIGN N tSER -=_ 12

X-VECTC.
O.22243E+O2 0.10309E+02 0o.80000E,01 0.95708E.01

FUNCTION VALUES
0.9000E 01

RESULTS OF APPROXIMATE OPTIMIZATICN

DELTA-X VECTCl
- 0.1131E+01_-0.30000E01--0.59621E+00-.080193E+O0._

X-VECTCR
0.2:107E02 0.73088E401 0.74038E+01 0.87689E+01

APP GXIHATE FU;TICN VALUES

O. 993 ,E.01

SET VANE 1 TO 23.41 DECEES

.. SETV;N .TO .7.. 31_DE'EES_____

SET VANE 3 TO 7.40 DEGREES

_SET. VINE4.TO - 8.77 DEGREES ......

HOLD PFC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE CF 76.779

____SUE 31.PGIN= __ 9.8500 .

PRECISE FUNCTION VALUES
O.9SOOE+01

BEGIN ITERATION WJNU, ER 9

N^ INAL DESIGN tUIZER = 13

X-VECTCR
__0.23407E+0." 0.73M0:E+01_ 0.74,03S E01-..0.87689E+01 _

FU!,'CTICO1 VALUES
0. 93300E.01

RESULTS OF APPROXIMATE OPTIMIZATION

. DELT'-X VECTOR_ ... .
-0.2;393E+00 0.30C00E+01 -0.74344E-01 0.21583E+00

X-VECTC'
__ 0.23113E02 0.10309E+02 .O.73294E+O1...08347E+01-_-

APFROX<IMATE FUNCTION VALUES
0. 9?191E+01

SET VANE 1 TO 23.11 DECREES

SET VA6E 2 TO 10.31 DZGTECS

SET VANE 3 TO 7.33 DECREES

SET VM42 4 TO 8.98 DEGREES
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I
HOLD RPIIC CONSTANT AT A VALUE OF 5567.500

____HOLD OVS, CONSTANT- AT_A VALUE 07 .76.779-_
SURGE MARGIIH= 9.9000

1 PRECISE FUNCTION VALUES
0.99000E+01

SBEGIIITERATIONNUMBER 10

NOMINAL DESIGN NUMBER = 14

_X-VECTOR

0.23113E+02 0.10309E+02 0.73294E+01 0.89847E+01

FUNCTION VALUES

RESULTS OF ArPROXIMATE OPTIMIZATION

DELTA..< VECTOR
0.9;423E-O 0.644*60E+00 -0.39840E-01 -0.61202E+00

- -_X-VECTO' . . . . .. .
0.23212E.02 0.10953E+02 0.72896E+01 0.83727E+01

APPflO.Nth!ATE FUNCTION VALUES
__ 0.99032E+01...

SET- VA"!E -1 -TO--- 23.21 DEGREES-_

SET VANE 2 TO 10.95 D:GREES

____SET VME_ 3_ TO __ 7.2?9_O E0.-EES .... ____

SET VANE 4 TO 8.37 DEGREES

.... PFMCCONSTANT AT A VALUE OF -5567.500
,OLD O'VS CC;NSTAHT AT A VALUE OF 76.779
$URGE flARGI: 9.6500

1
-_PPECISE. FUCTIO,1-VALUES__

1O. ?'3OOE4.O1

BEGIN ITERATION NUMBSER 11

INOlINlL DESIGN NUMOER - 15

X-VECTCR

0.23212E+02 0.10953E*02 0.72896E+01 0.83727E+01

FUNCTI-4 VALUES_ ___ _

0.9L300E+01

I
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_RESUQLTS_ OFAPFROXIATE_OPTIMIZATION________

OELTA-X VECTOR

0.47319E+00 -0.14892E.01 -0.22697E+00 0.30000E+01

O.23685E.02 0.94642E.01 0.70626E.01 0.11373E+02

APPROXIMATEFUNCTIONVALUES__________

0.99059E+01

SET VANE 1 TO 23.69 DEGREES

SET VANE 2 TO 9.46 DEGREES

SET VANE 3 TO 7.06 DEGREES

SET VAN:E 4 TO 11.37 DEGREES

HOLDO RPF:C CONSTANT AT A VALUE OF 5567.500
HOLD OVS CCt4STAtJT AT A VALUE CF 76.779
SUISE MRGIN= 9.6600

FRECIS! FUNCTION VALUES
0. 96rO0E+01

BEGIN ITERATION NUM3ER 12

____Nt1I~LDESICtJ KU.?SER =- _______

X-VECTC."
0.23 :SE+02 0.94642E+01 0.70626E+01 0.11373E+02

FUtNTI-CI' VALUES
0. 95800E+01

RESULTS OF APPROXIMrATE OPTIMIZATION4

CELTA-X VECTOR
-0.11755E+01 __ .1016E.01 0.6895E.00-!-0.30000E.OL...

X-VECTCR
0. 22510E+02 0.10554E+ 02 0.73316E+01 0.83727E+01

A F, :it .A TE FUN 4C TION1 -VALU .ES
0. 991 75E+01

SET VA::E 1 TO 22.51 DECREES

_SETV;l!E_2_TO 10.-55 OEC1-EES_ ___ ________

SET VANE 3 TO 7.33 DEGIREES

SET VANS- 4 -TO___8.37- DEGES___ _______

HOLD RFMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE CF 76.779
SURCEWRGIN= 9.9500________



PRECISE FUNCTION VALUES
0. 99500E+01

BEGT 'TERATION NUMBER 13

NOMII;AL DESIGN NUMBER = 17

X-VECTCR
0.2"2510E+02-_ 0.10554E+OZ_ 0.73316E*01- 0.83727E+01-

FUNCTION VALUES
0. 9500E+01

RESULTS OF APPROXIMATE OPTIMIZATION

__DELTA-X VECTO.- ......
-0.64375E+00 0.49088E+00 -0.10047E+00 -0.17918E+01

X-VECTO,
____O.21"-1E+OZ. -0.110"t5E+02-. 0.72311E+01- O.65309E+01--

AP?.)=IATE FUNCTION VALUES
0.9970E+01

SET VAN'E I TO 21.86 D=C.EES

SET VtNE 2 TO 11.04 DESREES

SET VA E 3 TO 7.23 DE EES

S----ET V ; - 4- TO -.53 C C! E E S

HOLD PrrC CC:'STAtT AT A VALUE: OF 5567.500
110 OIL VS CC!3 TAN'T-AT A VALUE OF ... ... 76.779 .. . . ..
SURGE I-:;RG It= 10.0700

PPECISE FLIN'CTICN VALUES

-_BEGIN- ITERATION. NIUMB ER__i....

NOHIHAL DESIGN N:UMBER = 18

___X-VECTOR--

0.21861E* 02 0.11045E4 02 0.72311E+01 0.65809E+01

FUt'CTIr' VALUES
__ 0.10070E+02 .. ... . . . .. . . . .

I RESULTS OF APPROXIMATE OPTIMIZATIO.11

OELTA-X VECTCR
-0.164 2:E+01 -0.20345E+00 :0. 76704 E+00 -0.15809E+01

__ .X-VECTC7 . . . . . . . . . . . . . . . ..
0.23219E+02 0.1084 1E+02 0.64633E+01 0.50000E+01

I APr,'"C×lM4TE FU!'CTION VALUES
... 0.10127E+02
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. SET.VAE 1 TO_2O.:2 DEGEES ... __..

SET VANE 2 TO 10.84 DEGREES

-SETVANE_ 3 _TO--6.46-DEC-REES_ -

SET VANE 4 TO 5.00 DEGREES

-HOLD RPMC CONSTANT AT-A VALUE 0F 5567.S00
HDLD OVS CONSTANT AT A VALUE OF 76.779
SLNGE MARGIN= 10.2200

PRECISE FUNCTION VALUES
0.10ZOE+02

BESI IT EPATICI UZEq 15

NOMINAL DESIGN NUMBER = 19

X-VECTCR

0..0219E+02 0.10841E+02 0.64633E+01 0.50000E+01

FUNICTICN VALUES
0.1CZOE+02

_PESULTS OF AFpPOXItATE OPTIMIZATION -

DELTA-X VECTOR
-0.V!?43E+01 -0.1905'E+00 -0.14633E+01 0.0

X-VECTZ,

0.13734E+02 0.10o51E+02 0.50000E+01 0.50000E 01

_ APPOXIMATE FUNCTION VALUES ----------- - -

0. 10249E+02

SET VA.NE 1 TO 13.73 DEG"EES

SET VANE 2 TO 10.65 DECTEES

SET VA"!E 3 TO 5.00 DES7EES

SET V.,!:E 4 TO 5.00 DZCEES

HOLD P;:C CCNSTANT AT A VALUE CF 5567.500
HOLD C'.'S CONSTANT AT A VALUE OF 76.779

FRECISE FU"CTION VALUES
0.10:50E.02
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BEGIN ITERATION NUM1BER 16

_1OflINAL DESIGN UIE.______

X-VECTCR
O.1373'.E*02 0.10651E+02 O.5OOOOE+01 O.50000E.01

FUNCTICN VALUES
0 .10250E+02

RESULTS OF AFPROXIMATE OPTfIIZATION

DELTA-X VECT07
____0.30376E+00_ 0.76676E-01 O0 ___-0.13762E-06-

X-VECTC7
0.16431E+02 0.10727E+011 0.50O0OE+01 0.50000E+01

APr-'7CXI!-ATE FUN~CTION VALUES

SET VANS 1 TO 13.43 DEGREES

__SET VANE 2 _TO 10.73. CE 'EES-________

SET VANE 3 TO 5.00 DrEGnEES

__SET VANE 4_TO __ 5.00 DEGREES ___ ____

HOLD PPC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CG!,STANT AT A VALUE CF 76.779

S3EWpRGltJ _-10.21100 -

PRECISE FUNCTIONl VALUES
C. 122 OE4 0

DEGINi !TERATICNl NUMBER 17

tINLDESIGN NUMDER 21

X-VECTCR?
____0.le43lE+0,' 0.10717E+011. 0.50000E+01_0.SOOOOE.01_

FU!!CTION VALUES
0. 10220Z+02

RESULTS OF APPROMfIATE OPTIMlIZATION

-__DELTA-' -VECTOI---------------_____
0.50583E*00 -0.12569E-01 0.31959E-02 0.0

X-VECTC7
___0.1,

0
937E+02 0.10715E+020.50032E+01-.0.50000Et01-

APPIOXIMATE FUlCTICN VALUES
0.10223E+02

SET VA!Z 1 TO 18.94 DEC7EES

SET WV. TO 10.71 OCCEES

SET VAN:E 3 TO 5.03 DEGPCES

SET V4N: 4 TO 5.00 DEC.'"ES
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HOLD RPMC CO.'ISTAUT AT A VALUE OF 5567.500
___HOD VS- CO!4STANT-AT~ A VALUEOF - 76.-779

SURGE MARGIN= 10.3000

PRECISE FL'tCTIO14 VALUES
0. 10 300E+02 ___________________

FINAL RESULT OF APPROXIMATE OPTIMIZATION

NOMINAL DESIGNJ NUMSEP 22

X-VECTO'1
0.16337E+02 0.10715E+02 0.50032E+01 0.50000E+01

-FUNCT1.1 VALUES - - - -- ---

0. iO3COE+02

RESULTS OF APPROXIMATE ANA LYSIS/OPT IMIZAT ION

-TITLE-- -- -- -

GLOBAL LCCATICNS OF X-VARIABLES
1 2 3 4

CLOA1 LOCATICN'S OF rU:CTIOS, F(X)
6

APrmc.u!;ATION IS BASED C4 C2 DIISIG14S

N:OMIN L DESIGNJ IS DESICN f,'J !:ER Z2

VALLTS OF X-VtAIM3LES
0.1814E+02 0.1071E+02 0.50032+01 0.5000E+01

VALU:S CF FL%:,TIO.',5, F(X)

0. 10;E+02

COEFFICIENJTS OF TAYLOR SERIES EXPAINSION

PAPA',tETER 1 GLC3AL VARIASLE 6

LINEAll TEP:!S. DZL F
-0.1099E-01 -o .o0-':C2.-0.1383E-01 -0.263CE-1.

-L:. TErMS, N. C'rGIt1IG WITH DIAGONAL ELEM~ENT

-0.IL2SE-01

PC.I 3
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I OPTIMIZATION RESULTS

.. OBJECTIVE FUNCTION - .

GLOBAL LOCATION 6 FUNCTION VALUE .10300E.+02

I -DESIGPLVARABLES

0. V. GLOBAL LOWER UPPER
1D NO. VAR. NO. BOUND VALUE BOUND

- -1 - .1- O.O000E02-0.18937E.02 O.350OO1E02-
2 2 2 0.50000E+01 0.10715E+02 0.25000E+02
3 3 3 O.S00C1.01 0.50032E*01 0.2S000E+02
4 4 4 0.50000E11 0.50000E+01 0.2S000E.02

J **wwmw* FINAL SOLUTION VALUES N

JVANE ANGLE FOR VANE I IS 18.94 DEGREES

VYANE..AM'GLE-FOR..VANE.ZS .. ..S . 10.71 DEGREES

VANE ANGLE FOR VANE 3 IS 5.00 DEGREES

4VANE.ANGLE-FOR.VANE..4.IS ..... 00DEGREES.

SURGE HARGIN= 10.3000

RPMC ,WAS HELD CONSTANT AT 5567.50
DVS WAS HELD CONSTANT AT 76.78

PROGRAM CALLS TO ANALIZ _

ICALC CALLS

A

:II

I
!~....



STATOR VANE OPTIMIZER

PROTOTYPE. SOFTWARE CAPABLE OF GUIDING..THE OPTIMIZATION OF_ _

STATOR VANE AND BLEEO SETTINGS ZN A MULTI-STAGE COMPRESSOR

UNDER CONTRACT F33615-79-C-2013

BY"PRATT &'"WHITNEY AIRCRAFT GROUP
GOVER&^,,ET FROOUCTS aIVzSzcN

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU
----.----- ---------------------------------......----...

I OPTIMIZATIOC CO::DITIONS I CONSTRAINTS I
NO I GOAL I RP.':C IXC PR DVS O.L. I S.M. I EFF, I
------------------------------------------------------
II EFFX__ - X. - . I-_ I_- I
-1 EFF X - - - X - I -I
3 1 :FF I- X X - - - I- I
41 EFF I X - - X - I hN I - 1
5I EFF I X - - - X IN I -_ I_._.-
6 I EFF I - X X - - IIIIN I - I
7 15.N. X - - X - I -I
a I S.M. I x - - - X I I - I
9I S.M. I- XX - I I- I
ioI- S.M. I X - - X - I MIN I
I1 S.M. IX - - - X I I MIN I
121 S.M. I - X X - I I-1N I
23 1 SM/,LD I X X - - I -_._ . "r
14 I-t:.X ':C I X - - - X I MIN I hiN I
I5 KIN C I X - - - X I Ml4 I HIN I
16 1 rR I X X - - - I IIN I M114 I
17 I rR I X - - - X 1 I !11N _I

_YOU HAVE SELECTED TO CPTIIIZE EFFICIE.:Y HOLDING

CORRECTED SPEED (RFrC) AND DISCHARGE VALVE SETTIKS (DVS) CONSTANT

-- :i!.E CC:43TRAINiIN3 S!JdaE t1ARGIH TO A Mt'It;UL1 VALUE

HOLD RF:Z CC!;STAI;T AT 5367.500
HOLD CVS CONSTANT AT 76.779

__OPrflrIZING 4 VANE AN3LE(S)
LC:R DOU N FOR VANZ 1 IS 10.000--
DO yCtJ ACGEE? (Y/N)
LC!'.R ECU.,: FC- VA E 2 IS 5.000
DO YOU AGREE? (Y/N)
LO"ER BCU!ZD FC. VANe-3 I -- 5.000
CO YCU AGREE? (Y/N)
LCIER BOUND FCR VANE 4 IS 5.000

.DO YOU AGREE? (Y/N) .-.
UPPER COU.D FUR VANlE I IS 35.000
DO ItOU AGREE? (Y/1)
U'FER BOU"D FOR VANE 2 IS 25.000
CO YCU AGREE? (Y/N)

UPPER SOU=D FOR VANE 3 IS 25.000
O0 Y^U A EE? (Y/N)

UPPER EU:D FO VI.E 4 I5 25.000
DO YOU AGREE? (Y/N)
LC,ER BOU3 VALUE FOR SN IS 10.000
UPPER Z O!l, VALUE F0 Sl !,s 1003.000
lIlCREI!E:!TAL VANE ANSLE VALUE FOR INITIAL VANE SETTING 1S -2.00

9NOW&



TITLE:

CONTROL PARAMIETERS;
CALCULATION COI4TROLs HCALC z 6
NUIER OF GLCBAL DESIGN VARIABLES,. NOV = 4
NLRZER OF SENCITIVITY VAqIABLES, NSV 0
NUZER OF FUNCTIONS IN TVO-SPACE, N2VAN 0
KU .=R OF APF71XIMATflUS VAR. NXAFRX 4
INPUT INF0!IMATI0O4 PRI14T CODE ,~~ IFNPUT I
OCCUS P21NT CCDE, IFOBG 0

CALCULATION CCNTROL, KAC__
VALUE M1EANIN~G

1 SINSLE ANALYSIS
2 CPTItIIZATIO4

____3 -SEN.SITIVITY

4 T,:-VA'RIABLE FUk!CTIdN SPACE
5 CPTINUMJ SENSITIVITY
6 APPIOXIMATE OPTIMIZATIO3I

- * CTIMIZATION INFORMATION.-

GL03AL VARIABLE NUIMEP OF CBJECTIVE 7
M1ULTIP~LIER (NEGATIVE IN3CATES MINItlIZATICN) 0 .1000E+01

CONU1IN PARAMETERS (IF ZERO, CONNlIH DEAULT WILL OVER-RIDE)

iFRriIT ITHAX ICNO3IR USCAL ITRM LINMBJ AC?1XI NFOG
__ 5 20 5 0 3 . 0 10 0

FOCH FOCH:l CT CT"IN
0.1000nE-01 0.10300E-02 -0.50000c-c1 0.40000E-02

CTL.-"- CTLMPt4 rOETA ' - PHI
-O.1CO:OE-01 0.10000E-02 0.10000E+01 0.0

____ ELFUN DABFUN ALFIIAX _ __ABOBJI

0.100COE-02 -0.0 000ffiOE.00 0. 100002.00-

D-rSIC.N VARZASLE INFORMATION
- N31-ZERO INITIAL VALUE WILL OVER-RIDE MODULE INPUT--

0. V.' L,ER.....UPPER INITIAL
NO. SOUD CON VALUE SCALE
I 0.10000E#02 0.35000E.02 0.27000E+02 0.0
2 0.SOOCOE.o1__ 0.25000E+02 0.16000E.02 _ 0.0
3- 0.5OOOCE+01 -0.^S00OE.02 -'0.13000E+02-0.0

4 0.50000E+01 0.25000E+02 0.900302,01 0.0

* bESIGN4 VARIABLES-.
0. V. GLOBAL MULTIPLYING

ID NO. VAR. NO. FACTOR
1 A - .1--0P.10000E+01 _-_

2 2 2 0.20000E+02
3 3 3 0.10000E+01
4 4 4 0.100002+01

CONSTRAINT INFORIMATION

THERE ARE .1 CONSTRAINT SETS kRiIAIk'- *P -- NOMLZTNGLOBAL GLOBAL LIHEAR LONER -NRAIAIN UPR NRAIAIN -

10 VAR. 1 VAR. 2 ID E0L'ND FACTOR BOUND FACTOR
1 6 6 0 0.100001+02 0.10000E+02 0.100001+04 0.100002+O*

TOTAL N'J1ER OF CONSTRAINED PARAMIETERS S -1- . .-..-96U



I N* APPROXIMATE-AN4ALSIS/OPTIMIZATION INFORMATION_

NUMBER OF FUNCTIONS APPROXIMATED, HF t 0
___ JUfDR OF INPUT X-VECTC?S, __ _ NPs a_ 5

I4UMOER OF INPUT X-F PAIRS, NPFS x0
X-VECTOI? FRCH ANALIZP NPA m 0
NOMINAL DESIGN, It.ON1 a

_READ UNIT FOR X-VECTORS, ___ISCAX a
READ UWIT FOI X-F PAIRS, IC X~

PRINIT CONTROL, IPAPRX 1

___MINIMUM APPROXIMATING CYCLES, ICMIN 5
IIAXIIA APPROXIMATING CYCLES, KMAX = 1'7
MAXIltUN DESIC11,3 USSD IN FIT, NPIAX 2 2812___N~I~LDESIGM PARAMETZR, JN~m 28

TAYLER SERIES 1.D. CODE, ?IAXTR1I 2

-bELTiA-k BOUNDS FOP 4PFPOXIMATE OPTIMIZATION
0.2000E+01 O.2000E+01 0.2DO0E+01 0.2000E+01

MULTIPLIER O4 DSLXs____ XFACT1 O.1SOCE.01
hULTIPLIER ON1 DE LX, XFACTZ 0. 2000E*01

IL ~ ~~GLOCAL LOCATIO'1S OFXVAALS_

-GLOBAL LOCATIONS OP -FU4,CTIONS_.__

X-VECTOIS INPUT -FROM _UNIT_ 5_

NUNSIER 1 DESIGN 1
0.29C0E.02 0.1890E02 0.1500E+02 0.1100E+02

WJNZER 2 DESIGN 2
0.27CCE+02 0.10E402 0.15005.02 0.1100E+02 _

f."0CE? 3 DESZI 3
_0.27GO5402 .0.1600E402,_0.1500E.02 .IO0 -

kiUlrE.0 4 CESIGN 4
___0.2700E+02_0.1600E.02 .3E02 .1052

[NUI=CR 5 DESIGN 5
0.27009+02 0.1600E.02 0.13OOE402 _0.9000E.ol

I ~~ETIAE D ATA STCIAGE REQUIREI:NTS - ____-

REAL INTEGER

___INPUT EXECUTION AVAILABLE__ INPUT .-EXECUTION -AVAILABLE--

I SET VANI itO' 29.060 DEREES - -

SET VANE 2 TO 10.00 DEGREES
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___............____............

SET VANE 4 TO 11.00 DEGREES

HOLD OVS COIISTANT AT A VALUE OF 76.779
EFFICIZE:CY 87.1400

---SURGE fIIARGIN: 8.2600O0

SET VX_ 1-TO27:00 DEGREES

SET VANE 2 TO 18.C0 DEGREES

SET VANEJ'3 TO 15.00 DEGREES

SET VANE 4 TO 11.00 DEGREES

-HOLDO I C- CC? rSTA' A-A VA LUE OF 5567.500

HOLD CVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3200

-SURGE ?AGN-870

-SET VANE I TO 27.00 OEC EES

SET VA"E 2 TO 16.00 DEMEES

SET VA!, 3 TO 15.00 DEZREE3

SET VANE 4 TO 11.00 DEGREES

HOLD .:VC CM:3TANT AT A VALUE OF 5567.500
HOLD DV3 CO:3TAt'T AT A VALUE CF 76.779
EFFZCIEN:CY=  87.2400

SUMCE l GItI= 8.8700........................

SET-VANE 1 TO .. 27.00 DEGREES...........

SET VANE 2 TO 16.00 DEGREES

SET VANS'E3TO 13.00 D-EGfEES

SET VANtE 4 TO 11.00 DEGIEES

OLD RPM.C CONSTAT AT A VALUE OF 5567500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICrE,'CY 87.2800

SU.RGE MARGIN=. 9.12C0."

, - JlJ*NV I NII . ..... -4 --*--W*

.. .. .... .. .. ,,, *,*,-, - . *U *N, ]4- ...* W . .. . ...... .. . .W. . .. . .. . .. . ..... ...... U. . ... .. . .. . .. . . .
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SET VANE 2 TO 16.00 DEGREES

' SET"VANE-3 T0--13,00 DEGREES

SET VANE 4 TO 9.00 DEGREES

-HOLD"RPH-C COt'STANT "AT"A VALUE OF'- 567.S00
HOLD OVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3300

I 'SU, GN"ARGIH- 9. .1800

APPROXIHATE OPTIMIZATION ITERATION HISTORY

' APPROXIMATING FUNCTION 1 IS THE OBJECTIVE

APFPROXIiATING FUNCTIONS ASSCCIATED WITH CONSTRAINTS
2

- DESIGN VARIABLE KlJM3ERS ASSOCIATED WITH APPROXIMATING VARIABLES
1 2 3 4

I ... . . . . . .. . . . . . . ... .. . .. .. . .. .. ..... . . .

BEGIN ITERATION NU3ER 1

N_-- NOMINAL DESIGN HNZER 5

X-VECTCq
0.27C20E+02 0.16000E+02 0.13000E+02 0.90000E+01

--- FUNCTIO4 VALUES
0.07330E+02 0.91800E+01

1-RESULTS OF APPrOXIMATE OPTIMIZATION
DELTA-X VECTOR

____-0.20300E 01 -0.30343E+00 -0. 0000E 01-0.20000E+ 01 .

11X-VECTO.
0.250O0E 02 0.15697E+02 0.11000E 02 0.70000E+01

AFFROXIMATE FUNCTICHt VALUES
0.87:SeE*02 0.DgO2E.01

SET VANE 1 TO 25.00 DEGREES

SETVANE 2TO 15.70. DEGREES

SET VANE 3 TO 11.00 DGREES

._SETVANE-4- TO 7.00_ DEGREES.-
HOLD RPC CONSTANT AT A VALUE OF 5567.500
HOLD OVS CON3TANT AT A VALUE OF 76.779

.-- ___EFFZCIEINCY. 87.S100.................

SURGE MARGIN: 9.6100

mPRECISE FUNCTION VALUES
0.87310E+02 0.961C0E401

I



BEEGIN ITERATION tU B ER 2

NOMINAL DESIGN NUMSER x 6

FUNCTION VALUES
0" .8751oE+o2 o9io+]

RESULTS.OF-APPROXItHATE OPTIMIZATION_

OELTA-X VECTCR

-0.466S1E.00 -0.20000E+01 -0.20000E.02 -0.17435E+01

0.2(.531E+02 0.13697E+02 0.90000E+01 0.S2565E501

APFROXV:IATE FUNCTION VALUES
0.87326E+02 0.10000E+02

S E"T VAN!' 1- TO)- 24.$3 DEGREES

SET VAE 2 TO 13.70 C1C!EES

SET VANE 3 TO 9.00 DECREES

SET VANE 4 T1 5.26 DEGREES

HOLD RPi; CONSTA11T AT A VAL.UE OF S567.500~
HOLD OVS CONSTA' T AT A VALUE OF 76.779
EFFICIENCY= 87.34C0

PRECISE FUNCTICN VALUES
0.87140E+02 0.98000E01

___BEGINITERATION NL'ER 3__

NO1tINAL DESIGN NUMBER : 7

X-VECTCl

FUN',TIO4 VALUES
0.87340E.02 _0.93000E.01

RESULTS OF APPROXIMATE OPTIMIZATION

100
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OELTA-X VECTOR
-0.970025.00 0.300005.01 -0.20000E+01 -0.256525.00

T ____~~X-VECTO2 -- .-£0.23362E+02- 0.166975.02' 0.70000E+01 0.5000O01

APPROXIMtATE FUfCTION VALUES
___0.877585.02 0.99999E001

_SETVAEl1.TO. 23.56. DEGREES-

SET VANE 2 TO 16.70 DEGREES

___SET- VANE 3. TO 7. 00 DEGREES _ _

SET VANE 4 TO 5.00 DEGREES

___HOLD Rr'.C CCl4STAHT AT A VALUE OF _ _ 567.500. -

H3LO VVS CON'TANT AT A VALUE OF 76.779
EFFICIE;,'CY: 87.3500

SURGE _1ARGIN_. 9.83e0

PRECISE FUNtCTIOlI VALUES

BEGI" ITERATION HUNDER 4

No::zI:.L DE5=4 N Z::R 8

X-VECTC1
____0.23S61E+02 _ .A6697E.02C.70000E+01 0.5000E+01 _____

FU!:CTICA VALUES
0.87330E.C2 O.98300!Z.01

RESULTS OF APPROXIMATE OPTIMIZATION

___OELTA-X VECTOR - .16E0+'d.87td--
0.11 '5SE401 -0.1158SE.01 0424.0127E6

X-VECTO7R
C.Z4'067f*02 0.1553SE.02 0.658745.01__0.500005.01

'IrOXWHATE FUNCTION VALUES
'.8710CE.00 0.99807E+01

SW VANE I TO 24.67 DEGREES
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SET VANE t TO 15.54 DEGREES

SET VANE 3 TO 6.59 CEGIEES

SET ViV! '. TO -5.00 U)EGREES*-'

HOLD PF1IC CO?4STAi. AT A VALUE OF 5567.500
____OLD DV3 CONSTANT AT A VALUE OF......76.779__._

EFFICIENCY= 87.2900

SURGE MARGIN= 9.8300

FPECISE FU!,TIGN VALUS
0.87290E#02 0. 93300E#01

BEGIN ITERATION NUMBER 5

__NOMItIAL OESISN tnU,1SER :_ _

X-VECTCR
0.24667E+02 0.l553E02 0.65374E*01 0.50000E*01

F:cIVALU:S
0.87290E+02 0.9830CE+01

- ESULTS OP AF~rOXItIATE OPTIMIZATIO4

OELTA-X VECTC,?
-0.93CS1E.00 0.400,^2E-01_ 0.70299E+00 0.37014E+10__

X-VECTCI
0.Z3?34.E+02 0.15570E+02 0.72904Z+01 O.S3701E.01

-ApF.70xxWATE FUNC:TICM VALUJ-S-
0.871CZE402 C.10033E.02

SET VANE 1 TO 23.73 DEGREES

SET VANE! 2 TO 15.53 CEGREES

SET VANE! 3 TO 7.29 DEGREES

-SET VARE 4 TO- . .37. DEGREES-- ____ -

HOLD R'NC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779

SUaGE MARGIN:= 10.0000
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_PRECISE FUNCTION VALUES
0.87390E+02 0.1000CE+0Z

BdEGIH ~ITERATION FKJrEER - - 6

NOMINAL DESIGN N'r.BER = 10

Xh-VECTOR
0.23734E+02 0.1557ZE*02 0.72904E+01 0.S3701E.01

__FUNCTION VALUES
0.87390E+02 0.10000E+02

-RESULTS. OF. APPROXIMATE OPTItIIZATION.----+--.,--

OELTA-X VECTOR
-0.30000E+01 0.30000E+01 0.18914E+01 0.30000E+01

x-VEclcR---
0.20734E+02 0.1857eE.02 O.9181eE.01 0.83701E+01

-APPROXIMIATE FUNCTICN VALUES
0.07347E+02 O.1CC666E+S2

SET VANE 1 TO 20.73 DEGREES

*SET VAN:E 2 TO 18.58 CCEEP!EES

SET VA!3TO- 9.10 DT-GREES

SET VANE 4 TO 8.37 OECEES

-HOLD ~ CC:ASTANT AT A VALUE OF--- 5567.500
HOLn CVS CGNSTANT AT A VALUE OF 76.779
EFFY*_,Y= .37.2Z00

SU;;GZ M~ARGIN=: 9.7ZOO

PRECISE FUNCTION VALUES
____.872Z0E+02 0.97&103E+01 ___________

__EGIN ITERATION NL't-,GER 7 ___

NOMINAL DESIGN NUfN3ER 11

X- ECTOR

0.20734E+02 0.18578E+02 0.91818E4010.31E1

FUNCTION VALUES
0.871120E+02 0.97200E.0 o .

RESULTS OF APP."XI1ATE OPTIt:1ZATION

- ELTA-N VECTCR
0.13537E.02. -0.30000E+01 -0.45008E+00 -0.17061E*01

_X-VECTCl

0.22Z.?.SE.02 0.1S78PC.0Z 6.87317E+01 0.66640E+01
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APPROXIMIATE FUNCTION VALUES
0.87309E*02 0.99692E+01

-SET VANE. 1_TO -22.0.9 DEGREES _

SET VANE 2 TO 15.58 DEGREES

-SET VANE- 3 TO ___ 8.73 DtGREES____

SET VAt 4 TO 6.66 DEGREES

-HCLD R~FMC CCNSTANT AT A VALUE OF 5567.500
HOLD0 OVS CCUSTANT AT A VALUE OF 76.779
EFFicIEncy: 87.4000

_SUISE, MA.RGIN= .80

PRECISE FUNCTION VALUES
0.87400E+02 0.93i0;i401

BEGIN ITEPATIC~l N'J1ER 8

NONINAL DESIGN IX:ER 12

X-VECTC~q
0.220CSE.C2 0.15570E+32 0.87317E.01 0.66640E+01

FUNCTICON VALUES
0.87400E+02 0.98100E+01

RESULTS CF APFROXIMATE OPTIMIIZATION

DELTA-X VECTO9
0.94308E+00 0.56411E+00 -0.31326E400-.0.6417E40O-

X-VECTCl
___0.23031E+02 _0.16142E+02 0.84184E.01 0.73102E*01 _

APPlC~It?kTE FUNCTION VALUES
0.871,43E+02 0.99C64E*01

SET VANE 1 TO 23.03 DEGREES

-SET VANE' CT0 16.l14 OEG7EES

SET VAN~E 3 TO 8.42 DEGREES

'SET VANE 4 TO"- 7.31 DEG!7EES

HOLD RFN!C CONISTANT AT A VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.4500

SURGE ftIARGrftx 9.9100

POECISE FUNICTION4 VALUES -

0.874SCE*02 0.99100Z+01
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I BEGIN rTERATZCN NUMIER 9

-NOMIINAL DESIGN. tHUER. 13-I X-VECTOR
O.23331E402 0.16142E+02 0.64184E+01 0.73102E+01

FU,'.CT16~ VALUES-j 0.87450E.02 0.99100E.01

RESULTS CF AP;:ROIfATE OPTIKILZATION-___ ___

DELTA-X VECTORI 0~~.66303E+00._-0.73410E.00_-0.10000E+01 0.93294E+00 ____

X-VECTCl
0.236S6E+02 0.1540SE.02 0.74184E+01 0.82431E+01

iPR3MIltATE FlY:CTIC1 VALUES_

SET VM.E I TO C3.70 DEGREES

I SET_VANJE 2 _TO 15.41_DEGREES __

SET VANS 3 TO 7.42 DEGREES

-SETVP:E 4 -TO 8.124 0EC2REES_._

HOLD P~tAC CONSTANT AT A VALUE OF 5567.500
HOLD CVS CONSTANT AT A VALUE OF 76.779
EFFICENCY= 73C

SURG7 MAGIN'z 9.9000

-- , PRECISE FUCTICNl VALUES
.3?39E 0 .9530001

FINAL RESULT OF APFrOXIMATE OPTfIIZATIONJ

I t~NO'lIVAL CESIGN~u:~ 10

X-VECT'n
0.23734E+C2 0.15578E+32 0.72904E+01 0.53701E+01

_FLNCTIC1.1 VALUES
0.8739OE402 0.10000E+02

I RESULTS OF APP',OX(ItATE ANALysIS/OPTIrZATION

__TITLE.....

GLC~tAi LCATIC.,'S 07 X-VARLI.BLES

j 1 2 3 4

GLRA LOCATIC&S OF FUINCTIONS, F(X)7 76
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NOMINAL DESIGN IS DESIGN NUMBER 10

VALUES OF'X-VARIADLES -

0.2373E+02 0.1558E+02 0.7290E+01 0.5370E#01

0.8739E+02 0.1;002+02

COEFFICIENTS OF TAYLOR SERIES EXPANSIONL

PARAMETER 1~ GL03AL VARIA3LE 7

LIVEA4 TER"S, CEL F
0.1275E - 0.2707E-01__ 0.3Z80E-01__ 0.2149E-01_____

N01I LINSAR TERMSt Ht B:GINING WITH DIAGONAL ELEMEN_____

-0.2542E-01

R014 2 ______ __________

-. ZA31E-o1

RC~l 3

RA 4
-0.16b24E-01

PARAMETER 2 =GLCaAL VARIArLE 6

- LINEAR TERMIS, DEL F
- -0.549)7E-01 -0.9764E-02 -D.2890E-01 -0.237E-01 -.

NCJLINEAR_TERMS, H, KGINING VITH OIAGONAL.ELEVENT

-0 .419~4E-01

,-PC!*I 3

RCAJ 4
___ o.5455E-02-
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I OPTIMIZATION RESULTS

_OBJECTIVE FUNCTION 7

GLOBAL LOCATIONJ -7 FUNCTION VALUE 0.879E0

j D__ESIGN_.VARIABLES__

0. V. GLOBAL LOWER UPPER
ID NO. VAR. NO. sculID VALUE ON
1 1 1 0_ .10000E+02 -. 0.23734E+02 -0.35000E#02-

a 2 0.500COE+O1 O.155-,SE.O2 O.2EOOOE.OZ
3 3 3 0.50000E+01 O.7,290'.E+O1 4.E50OOE.OZ
4 4 4 C.500COE.O1 0.53701E+01 0.25000E+02

* OESICtf CONSTRAINTS

GLGlAL LOWER UPPER
I0 VAR. NO. SOU~ND VALUE BOUNDii1 6 0.10000E+02 0.1000CE4O2 0.10000E+04

J *~~*~~I* FINAL SOLUT1ON VALUES IW*N

VANE A!:LE FOR VANE 1 IS 23.73 DEGREES

-VANE AN~GLE. FCR VANE 2_IS_ _ 1S.58 DEGREES__ .

VANE A.2SLE FOR VANE 3 IS 7.29 DEGREES

VANE A?!7LE FOP VANE 41 IS_ 5.37 DEGREES___-

EFFICIEI!CY= 87.3900

SLTGSE tl!.qGItlz 1O.OOCO___

PP~C OAS HELD CONSTANT AT 5567.50
DVS 14AS HELD CCVSTANT AT 76.78

PROGRAM1 CALLS TO ANALIZ

ICALC CtALLS

14
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STATOR VANE OPTIMIZER

PROTOTYPE-SOFTAI'E CAPAOLE OF GUIDING THE OPTIMIZATION OF-

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY

WIDER CONTRACT F33615-79-C-2013

BY: PRATT & WHITNEY AIRCRAFT GROUP
GOVERK,"ENT PRODUCTS DIVISION

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENIU

I OPTIMIZATIC'l CON"IT!ONS I CONSTRAINTS I
NO I GOAL I RPNC WC FR OVS O.L. I S.M. I EFF I

---- --- ---- --- ---- -- ----------- ---- ------

2 1 EFF I X - - X I- I- I
3 1 EFF I- X X - - I- I- I
4 1 EFF I X - X - IMIN I- I

-5L EFF I X . - X 1 ._ __

6 1 EFF I - X X - - I MIN I - I
7 1 S.M. I X - X - I I- I
8 S.M. I X - - X I - I - I

10 1 S.M. I X - X - I - I MIN I
11 I .. M. I X - - X I - 1 MIN I
12 1 S.M. I - X X - - I - IMIN I

- 21 I f/SLD I.-_X -. X_.-- - - Z .- _Z .-..

14 1 !lX WC I X - - - X I MIN I MIN I
is I tH:; WC I X - - - X I PITH IMIN I
16 1 "-R I X X - - I MIIIIN I"I I

.PR .. _X __-__ - ....- X . I 111H I. HI 1 I - --
YCU IIAVE SELECTED TO OPTIlIZE EFFICIENCY HOLDING

CORRECTEO SPEED (RP1C) AND DISCHARGE VALVE SETTING (DVS) CONSTANT

WHILE CONSTRAINING SUlGEMARGINTO A MIIII:UlM VALUE
HOLD RnlC CCUSTANT AT 5567.500
HOLD CVS CONSTANT AT 76.779

.O'TTM!Z7HG 4 VA,"E ANGLE(S)__ ..
LOl,'ER LCUND FOR VANE 1 IS 10.000
00 YCU AGREE? (YiN)
LOW4ER CUND FOR VANE 2 IS S.000

-OOLY) ACREE?.(Y/N)....
LONE' SOU:M FOR VANE 3 IS 5.000
00 YOU AGREE? (YIN)
LOW.ER BOUND FOR VANE 4 IS 5.000
DO YOU AGREE?- (Y/N )_.... . ...... .
UPPER BCUND FOR VANE 1 IS 35.000
00 YOU AGREE? (YIN)
UPPER BOUUD FOR VANE 2 IS 2S.000
D0_YOUAGREE ?tY/H)_

UPPER BOUND FOR VANE 3 IS 25.000
00 YOJ AGqEE? (Y/N)
UPPER CCU1,D FOR VANE 4 IS 2S.000
00 YOU.AGREE? -Y/N) ...... .... ....
LC!'E.R SCIJ0 VALUE FOR SM IS 10.000
UPPER "O40 VALUE FOR SM IS 1000.000
INCRE'ENTAL VANE AN3LE VALUE FOR INITIAL VANE SETTING IS -2.00
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TITLE: 1I.

COHTffOL PARAMETERS;
CALCULATION CONTROL, NCALC 6 6
WN',"'~ OF GLOBAL DESIGN VARZABLES,- N3V-z_4
KUl.3ER OF SENSITIVITY VARIABLES, NSV = 0
tN, IER OF FUNCTIOtNS IN TWO-SPACE, N2VAR a 0
ti',D:R OF APPROXIIATING VAR. NXAPRX = 4
_t:,,.T l!FORMATIO4.PRIHT CODE, --. IPPUT_=-1
DESUG F.IINT CODE, IPDBG 0

-CALCULATION CO.4TROL,.JCALC -

VALUE tlEANII3
1 SIt'GLE ANALYSIS
2 OPTIMIZATION

- -3. - SENSITIVITY ... ..... ..........
4 Tt:O-VARIAPLE FUNCTION SPACE
5 OPTIMUM SENSITIVITY
6 APPROXIMATE OPTIMIZATION

_..0_ _0PTIMIZATIC4 INF .MAT -N-____ _

GLC:.AL VARIABLE NUMIBER OF OBJECTIVE z 7
MU2LTIPLIER (NEGATIVE IHN"ICATES MINIMIZATION) = 0.1000E+01

ccC:' :N PARAMETERS (IF ZER0, CON"IN DEFAULT WILL OVER-RIDE)

IrR!:T ITrAX ICNOIR NSCAL ZTRM LZNOBJ NACIXI NFDG
... 2 . 5. ~ 0 . 3 _ _0 10 ... 0

FOC1 FDCHM CT CTlIN
O. 10CSOE-O1 0.1OCCOE-02 -O.SOOCOE-01 0.40000E-02

CTL CTLMIN THETA PHI
-0.10100E-01 0.10000E-02 0.10000E+01 0.0

DELFUJ:4 ...... BFL.t.. .. ALPHAX-.....AEOBJ.
0.11:O0E-02 0.0 0.10000E+00 0.10000E00

DESIGN VARIABLE INFORMATICN
___t4I-rPO.INITIAL. VALUE WILL OVER-RIDE.MOOULE INPUT....

D0 V. LONER UPPER INITIAL
N3. COUD SOU.ND VALUE SCALE
1 0.10000E+02 0.3500OE02 0.27000E+02 0.0
2 0. 50000E01. 0. 25000E02 .-. 0.16OE 02.- 0.0 _0.0.
3 0.50000E.01 0.2OOOE+02 0.13000E+02 0.0
4 0.50000E+01 O.2500CE+02 O.90000E+01 0.0

- DESIGN VARIABLES0. V. GLOBAL MULTIPLYING
ID NO. VAR. 1ND. FACTOR

1.. ..... 1 ..... 10000E+01

2 2 2 0.10000E+01
3 3 3 0.10000E401
4 4 4 0.10000E+O.

CONSTRAINT INFORMATION

. THERE tA2E...1 CONSTRAINT SETS----. ..-....
GLOBAL GLOBAL LIN-AR LCWER NORMALIZATION UPPER NORMALIZATION

I VAR. I VAR. 2 ID BOUND FACTOR BOUND FACTOR
1 6 6 0 0.10000E02 0.10000E+01 0.10000E+04 0.10000E104

TOTAL tIL1I3ER OF CONSTRAINED PARAMETERS 2 1
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UAjpFROXi~iiAT ANALYSiS$/OPTIIIIZATION INFORMATIO4

NUMBCER OF FUNCTIONS APPROXIMATED, NF 0

% ZDER OF INPUT X-F PAIRS, PF
X-VECTOR FROM ANALIZ9 NPA c 0
H0:1I?4AL OESIG~I, Im a 0

-READ. U"4IT. FOR.X-VECTORS. ISCRX = -- S ____

'EDUIT FOR X-F PAIRS, ISCRXFu 5
PRINT CONTROLP IPAPRX = 1

MINIt"..1 APPROXIMATING CYCLES-KHIN .- S
MAX!flP APPROXZIATINS CYCLES, XIIAX 1 7

*MAXIfTUI DESIGN4S USED IN FIT* NPMAX z 28
KC.1111AL DESIGN PARAMETER, JKOII 28

-X-LCCATION' INPUT PARU*ETERj.IXLOC .a0_____
F-LCCATIOtI INPUT PARAMETER, INFLOC= 0
TAYLZR SERIES I.D. CODE, MAXTRI =

DELTA-X BOUNDS 7CR APPROXIMATE OPTIMIZATION
0.2000E+01 0.2000E+01 0.2000E+01 0.2000E+01

J1KULTIPLIER.OH DELX, -- XFACT-.=.-0.1500E#OL..
MIULTIPLIER CH DELXP XFACT2 0.2000E+01

-GLOBAL .LOCATIV'fS.-OP..X-VARIABLES
1 2 3 4.

-GLO3ALLOCATIONS.OF..UK4TIONS -________

7 6

-VECTORIS.INPULPRCM-.UNI.5_______ ____

Nil IDER 1 DESIGN 1

_.2900E,02_.0.180E+02-0.l500E.02-.0.1100E02

NUVOER 2 DESIGN 2

-.3 Z R 3 DESIGN 3
.. 270 ̂E,0 .. 0. 160OE+C2. 0. 1SOOE+CO2 -0. 1100E+02--------

N ER 4 DESIGN 4

tNU? 3ER 5 DESIGtl 5
-0.2700E+02-- 0.1600E.02 -- 0.1300E*OZ .-0.9000E+02.-

**ESTIMATED DATA STORAGE REQUIREMENTS

REAL INTEGER
--IIPUT.. EXECUTION . AVAILABLE ..--- IPUT .. EXECUTION - AVAILALE-

37 33S 5000 26 71 1000



LL

SET IO 29.00 DEGREES

SET VANE 1 TO 18.00 DEGREES

s vi,-i E TO 1s.oo DEGREES-

SET VANE 4 TO 11.00 DEGREES

HOL R;I COSTNTAT A _VALUE _0F _5567.50oo
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIE'CY: 87.1800

SURGE r,,RGZ= 8. 2200

SET VANE I TO 27.00 DEGREES

SET VANE 2 TO 18.00 DEG.REES

SET VANE 3 TO 15.00 DEGRES

SET VtE 4 TO 11.00 DEGREES

HOLD -RFIiC -COST,A4T -A-T -A• VALUE-OF
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIE hCY=  87.3000

SET VA,' 1 TO 27.00 DECREES

SET VAN 2 TO 16.00 DEGREES

SET W I! 3 TO 15.00 DESnEES

SET VAM 4 TO 11.00 DEGREES

HOLD RKFnC CON~STANT AT A VALUE OF 5567.500
HOLD O\S CONSTANT AT A VALUE OF 76.779
EFFICIEI'CY= 87.2100

SURCSE t!,.,RGiH= 8.9600

SET VANE I TO 27.00 DEGREES

SET VA:E 2 TO 16.00 DEGREES

SET "VAI~ -3 TO- 13.200 "0E0'E ES

SET VANE 4 TO 11.00 DEGMEES

HOLD RP?.C CONSTAT AT A VALUE OF 5567. 500
HOLD CVS CONSTANT AT A VALUE OF 76.779
CFFlCZEt4CY= 87.3100

SURGE ,ARGIN= 9.1000
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SET VANE I TO 27.00 DEG!7.ES

SET VANE 2 TO 16.00 DEGIEES

SET VANE 3 TO 13.00 DEGREES

SET VANE 4 TO 9.00 DEGREES

HOLD RFc CO, STAH- TAT - VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779,ItEFFICIENCY= $7.42 00

Sui~i in N_ 9.2400

APPROXIMATE OPTIMIZATION ITERATION HISTORY

APr'ROXIMATING FUNCTION I IS THE 0BJECTIVE

1 APP :UIflATITG1FUNCTIONS ASOCIATED WITH CC1STRAINTS
2

DESICN VARIABLE NUMBERS ASSOCIATED WITH APPROXIhATING VARIABLES
1 2 3 4

BEGIN ITERATION NU.M.BER 1

, -OD1I .. L DESIGN BNl ER = _ --5 ...... .. ..

" X-VECTC.?0 .27:0E+02 0.16000E+02 0.13000E+02 0.90000E+01

FUl'?'TIC? VALUES
0.87420E+02 0.92400E+01 _

RESULTS OFAPPOXIMATE OPTIMIZATION

~"7 EDLTA-X VECTOR
* - .~-, .00E 0 1_0.11l66E401-0.0OO0E1..-O. O0OOE. 0'

X-VECTC.
0.22CI0E 0 0.17117E*02 0.11000E+02 0.70000E+01

1~1 ~P~(I~ATE UNCIONVALUES_5
0.07300E+02 0.99951E+01

SET VA.*N 1 TO 25.00 DEGREES

-.__SETVA4E __TO__17.12 DEGREES

SET VA'IE 3 TO 11.00 DEGREES

_._SET_VAt'E_4_TO 7.00. DEGEES

HOLD RPNC CONSTANT AT A VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779

• EFFICIEtCY=.__87.5100..

SI URGE tIARGINZ 9.4400

IPRECISE. FUNCTION VALUES .-
0.87510E+02 0.94400E+01
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BEGIN ITERATION NLUER 2

NOMINHAL DESIGN NUMIBER6

X-'vTCTOR
0.250003.02 0.17117E+02 0.11000E+02 0.70000E.01

.. UNCTC4 VALUES.......
0.875103.02 O.9440E+01

RESULTS OF. APPROXIMIATE OPTIM IZATION

OELTA-X VECTOR
0.97329E,00 -0.20000E+01 -0.200003.01 -0.20000E+01

X-VECTCl1
0.25973E+02 0.15117E+02 0.90000E+01 0.50000E+01

APPRCXZ'tNTE FUN~CTION AES . -_ _

0.07749E+02 0.99521E+01

1--O- 25---0-G E S

SET VAN~E 1 TO 15.97 DEGREES

SET VANE 2 TO 15.12 DEtREES

SET tNE 4 TO 5.00 OZGqEES

HOLD rt'IC CO?:STAtIT AT A VALUE OF 5567.500
HOLD DVS CONSTA'NT AT A VALUE OP 76.779
EFFICIENCY= a7.2600

S- -C -ltRGIN= 9.66 -0,

PECISE FUNCTION4 VALUES
___0.87230E+02.0.966CCE+01--.._______

-. BSGTN ITERATION U01ER . -3 ~ _______

NCMINAL DESIGN NUTIDER = 7

0.ZS973E+02 0.15117E*02 0.90000E+01 0.50000E.01

FL,'^T:C. VALUES

RESULTS OP APPROXIMIATE OPTIMIIZATION

114 I



I 1
DELTA-X VECTOR

0.55S9SE*00 0.16977E+01 -0.20000E01 -0.13SSSE-OS
I ~~X-VECT2 .. .... ... . . .. . . .. . .. .. . .

0.26529E502 0.16814E+02 0.70000E*01 0.50000E+01

APPROXIIATE FUt!CTZON VALUES
0.8Z,94E+02 -0.10006E*02.

SSETVA,'E -1 ..TO -_ 26.53 OEGR~EES. .--

SET VANE 2 TO 16.81 DEGREES

-.SETV4NE-3 TO - 7.00 DESPEES

SET VANE 4 TO S.00 DEGREES

.- HOLD R:c CCNSTANT AT A VALUE OF 5567.500 .-
HCLD DVS CCNSTAHT AT A VALUE OF 76.779
EFFZC.;;:Y= 87.000

.-SUIRGS MARGIN= __ _9.4600......

FRECISE FUNCTICN VALUES
0.37C30E 02 O.946002+01

BEGIN ITERATICl NJfEER C
q

-. X-VECTC?
____0.. Z-9E+02 _0.1681f#E.0Z... 0.70000E0_ O 50 0.SOOOOE01 --

FUtNZr'4 , VALUES
0.8720E+01 0.94600E+.01

RESULTS OF APFROXIMATE OPTIMIZATION

.DELTA-X VECTOR....
-O.C!3.6E.O0 -0.14797Ei01 0.30000E.01 0.4324E-06

X-VECTC2
. 0.2G726E02, .O.15335E02-_O. IO000E 0ZO.SOOOOE 0 .

APPROXItATE FUNCTION VALUES
0.874-4E.02 0.96890E 01

SET VANE I. TO 25.73 DEGREES

JSET VAtlE 2 TO 1S.33 DEGREES

SET VAt 3 TO 10.00 DEGREES

SET VAN: 4 TO 5.09 D;GqEES

HOLD P IMC COtISTAIT AT A VALUE OF S567.500
HOLD C:. . CONSTANT AT A VALUE OF ..... 76.779.-..
EFFICZrCYz 87.3300

SLI.GE M.RGINu 9.6600
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PRECISE FUNlCTION' VALUES
0.87330E402 0.96600E+01.

BEGIN ITERATION NUMBER 5

-N..OINAL DESIG14~~5R.~.

X-VECTCR

0.25726E*02 0.15335E402 0.10000E+02 O.50000E+01

FU!NCTICN VALUES
0.07330E*02 0.96600E+02

RESULTS OP APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
.--. 10E*I7E#O00 -0.20260E.01--0.34839E.00-0.29043E06-

X-VECTC!
0.25415E+02 0.13309E+02 0.96516Ei01 O.50000E.01

AP.'OXATE PL':XTIOfl VALUS
0.37494E+02 0.97115S+01

SET VANZ 1 TO 25.42 DEGREES

__SET_ VANE-2-TO ._13.31 DEGREES..._________

SET VA':E 3 TO 9.65 DEGREES

___SCT_ VA!E4. TO___5.,00 -DEGREES -_ ______

HOLD PPHC CON~STANT AT A VALUE OP S567.500
MCO OVS CONSTANT AT A VALUE OF 76.779

__EFICI,CY _87.2200.- -I

StMGE 11ARGINz 9.6900

.. P2EC:S: FL'NOTICN VALUES- . -

0.&7220E+02 0.96900E.01

CESI'4 ITERATICN tHU:1BSER 6

VOMINAL DESIC.& h'UMBER a 10

0.2~15.020.13309E#02 0.%56E#01 0.50000E.01

.... FUNICTZM.N VALUES
0.67220E.0- 0.96900E+01

.. ESULTS Of. APPIOXIMATE OPTIMIIZATIONL_________

DELTA-X VECTOR
0.100681.00 0.48739E.00 0.43S105-01 0.64493E-06

X-VECTC1
0.25516E+02 0.13796E.02 0.96974E+01 0.50000E+01

... APPPOY~trATE ?UX'CTZCN VALUES_-----
0.87249E.02 C.96945E.01

116



1SET VAX! 1 TO 2S.S2 DEGREES

SET VANE 2 TO 13.80 DEGREES

SET VANE 3 TO 9.70 DEGREES

SET VANE 4 TO S.00 DEGREES

HOLD RF;C CONiSTAHT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY: 87.2900

SURGE MARGIN= 9.7700

PRECISE FUNCTION VALUES
_ 0.87290E+02_ 0..97700E+01

__EGINJITERATIONHUMBER-7

NOINAL DESIGN NUMBER z 11

-X-VECTOR_

0.25516E+02 0.13796E+02 0.96974E+01 0.50000E401

FU.CTICN VALUES
O,0..,37Z, 0Z 0.97700E.OL,-.

RESULTS OF AP'POXIMATE OPTIMIZATIOH

DELTA-X V CTCR
-0.9330E-01 -0.10000E.01 0.11300E-01 0.0

,_ _ X-VEC TX . . .. . .... . ..... .

0.25420E+02 0.12796Et02 0.97087E+01 0.50000E01

AF ;O:aIMATE FL NCTION V,.LUzS
* -~~_. 0C60E.CZ. O.97 47E.01....

3 .... SET V,'..E.1_TO.__ 25.42 D:EG!EES

SET VANE 2 TO 12.80 DEGPEES

-SET-VA '  _TO- 9.71.DEGPEES __-

SET VANE 4 TO S.00 DEGREES

--HOLD RFMC CONSTANT AT A VALUE CF _ 5S67.500
HOLD 0V3 CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.1900

.SUPE. MP.RGINz:_.9.6100

j PRECISE FUNCTICH4 VALUES
0.37190E+02 0.96100Z+01
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BEGIN ITERATION NUI.2IER a

NOMI14AL DESIGN N'j,"81R 12

X-VECTOR
___o. 2S420E.PO2 ....jZ1296E.02Z-...97087E.0L-..j..5000E*0......

FLOICT104 VALUES
0.87190E+02 0.96100E.01

RESULTS OF AFPROXIMATE OPTIMIZATION

-PELTA-XVECTCR.. _______- -_____

-0.173291.00 0.20423E+01 0.27320E.00 0.23133E-06

X-VECTOR
____0.25"147E.02__0.14f8391402__0.99819E*01-0.00001..

APP,70XIMATE FLAXTION VALUES
0.87334E*02 0.97163E+01

SET V;,tE 1 TO 25.25 DEGREES

SET VANE 2 TO 14.84 DEGREES

SET V).1;E 3 TO 9.98 O1C-IEES

iET VA!!E 4 TO- 5.00 DESREES-

HOLD RF:IC CCHSTANT AT A VALUE OF 5567.500
-- HOLD rVS CONSTANT AT A VALUE OF. .76.779-.---

EFFICIENCY= 87.3100

Su7S* IIANIN= 9.8100

FRECISS FUNCTICI VALUES
0.873101.02 0.93100E+01

BEGIN ITERATION H'.?IBER 9

-- NOMlflL OESIG~l WT3?~ER ~.3.___ ____

X-VECTCR
0.252471.02 0.148391.02 0.998191401 0.50000E+01

FUN.TION VALUES
0.87510E#02 0.981001401

ii SULIS OF' -APrPOXM-*ATE CI1Z

OELTA-X VECTOR
___-0.22920E*01 C.8l8q4E-02--0.26147E.00..-0.24356E-06....

X-VECT21
0.2SSE#02 0.14347E+02 0.20,"43E+02 C.S0000E.01

APFROVINATE FUN~CTION VALUES-
0.871891.02 0.994171.01
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SET VANE 1 TO 22.96 DEGREES

'1 ~_SET_VANE -2_TO-14.85_-DEGREES ___

SET VANE 3 TO 10.24 DEGREES

_SETVANE_4 _TO_5.00_DEGREES __ ____

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD CVS COUSTANT AT A VALUE OF 76.779

_EFFICIENCY=.87.3200------

IISURGE l1±'RGIN= 9.9200

_PPECISE FUNCTION VALUES-
0.87320E+02 0.992OCE+01

SEGI14 1TERATION NUJtSEl 10I NOMIINAL. DESIG11 NUMBER 14

X-VECTOq1 0.22955E+02 0.14847E+02 0.10243E+02 0.50000E+01

_FUJNCTIONJ VALUES.--
0.6732OE.0Z 0. 99200E+01

* _RESUJLTS OF APPIOXIMATE OPTIMIZATIC_____._-

- DELTA-X VECTOR
-0.31124E+03 -0.12231E+00 -0.10000E+01 0.10213E-06

X-VECTC.1
0.22642E+02 0.14725E+02 0.92434E+01 0.50000E+01

_APFP0XftATE FU.NCTION VALUES.
0.87239E+02 0.9934ZE.01

S--ET VJtiii -1 -TO 22.64 DEGREES_

SET VNE 2 TO 14.72 DE~rEES

SE AE3T 9Z ERE

SET VAN~E 3 TO 5.00 DEGREES

HOL Pr~ilc CONS~TANT -AT A VALUE OF 5567.500JHOLD DVS CONSTANT AT A VALU: OF 76.779
EFFICIENCY= 07.3800

I ~~~.. SU... ..RIN .9

I PRECISE FUNCTION VALUES
__ 0.373S0E402- 0.99300E+0l____



FINAL RESULT OF APPROXIMATE OPTIMIZATION

NOM:INAL DESIGN NUM3ER = 15

X-VECTCl
O.2Z642E*O2 0.14725E+02 0.92434E+01 0.50000E+01

.. FUtCTICX4 VALUES.---
O.87130E+02 0.99800E+01

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

-TITLE..--- -**--*----- -

GLOBAL LOCATIC:S OF X-'JARIABLES
1 2 3 4

GLOSIL LOCATIO::S CF FUINCTIONS, F(X)
7 6

AFPROXIMATICH IS BASED ON 15 DESIGNS

KICMINAL DESIGN IS DESIGN NUMBER 15

VALUES OF X-VAnItBLES
O.Z264E*C2 0.1472E+02 0.9243E+01 O.SOOOE.O1

vAL(J-S OCF- FL'.'-*-T CUS, F (X I
O.671 E.O2 O.938CE+01

COEFFICIENTS CF TAYLOR SERIES EXPANSION

PAPAJ:ETZR 1 GLCBAL VARIABLE 7

Llt;E- TERMS. DEL F
____-O. 383E-01. O.355CE-1.0.5171E--.7911E-01..

NC14-LINEAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT

0.6057E-03

-o .873SE-02

R04j 3

POAJ 4
-0.2440E-01

PARAtIETER 2 GLOSAL VARIABLE 6

__LINEP~q TERMS, DEL F - .

-0.2371E-01 -0.750!E-07 -0.1890E-01 -0.3944E-01

__NCJ-LT'.EAR-TEPMhSq H, BE NIJGT: WITH DIAGONAL ELEMENT-.
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U ROW 1

-0. 3965E-01

ROW 2
-0.6655E-01

_ROW__ 3 --- __

-0. 3313E-02

ROW 4

-0-.2.071E-03-J OPTItMIZATION RESULTS

03 '"CTIVE FUNCTION -__
GLOBAL LOCATION 7 FUNCTION VALUE O.87380E+02

-DESIGN -VARIABLES ___

D. V. GLOBAL LOWER UPPER
in NO. VAR. NO. BoUN!D VALUE ECUPN
-1- 1 2. .. 0.10!00E02___ 0.226422.02 .0.35000 E02-

2 2 2 0.SO000E01 O.14725E ! 0.25000E+02
3 3 3 0.50000E+01 0.92434E+01 0.25000E+02
4 4 4 0.50000E+01 0.50030E+01 0.25000E+02

DESI.N CONSTRAINTS

GLC'AL LCWER UPPER
10 VAR. NO. eOU:,D VALUE BOUND
1 6 O.10C0CE+02 0.99300E+01 0.10000E+04

* ;I X;**. FINAL SOLUTIC VALUES ,N,

VANE ANGLE FOR VANE 1 IS 22.64 DEGREES

YANE A.:GLEFO? VANE_S _.... 14.72 DECR.EES_-

VANE ANSLE FOR VAUNE 3 IS 9.C4 DEGREES

V .tEANGLE_FCR VANE -4 15 . ... 5.00_DEGEES._

EFFICIENCY= 87.3800

____SUPGF MARGIN= - . 9800 ......

R711C WAS HELD CONSTANT AT S567.50
DVS I:AS HELD CONSTANT AT 76.78

-* PROGRAM CALLS TO ANALIZ

J ICALC CALLS

2 15
r 3 1

1I
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STATOR VANE OPTIMIZER

PROTOTYPE-SOFTWARE CAPABLE OF GUIDING-THE OPTIMIZATION OF

STATOR VANE AND BLEED SETTINGS IN A MLTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY

UNDER CONTRACT F33615-79-C-2013

BY: PRATT A 1'HITNEY AIRCRAFT GROUP
GOVERNMENT FRODUCTS DIVISION

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU

I OPTIMIZATION CONDITIONS I CONSTRAINTS I
NO I GOAL I RPNIC 14C PR OVS O.L. I 5.M. I EFF I
-------------------------------- -.-----

1 EFF -I.-X - - - -- I- I. I
2 1 EFF I X - X I I I
3 1 EFF I - X X - I I I
6 1 EFF I X - X X - I MIN I I

-_ 5 1 EFF .- I..-X - X I MIN-I-----

6 1 EFF I - X X - I MIN 1
81 S.M. I X - - - X I - I I
0 I S.M. I X - - X - I - I I

_ 9 1 - S.M.-_ I__'. _ X - X - t - --- _ I I.- - .
10 1 S.M. I X - - X - I - I MIN I

11 1 S.M. I X - X I - I MIN I
12 1 5.M. I - X X - I - I MIN I

-13 I SA!/BLO.-CI -X - - - I _-1 . I-.-- I
14 t11)'AX X - - X 11it I MIN I
is I MIN 14 1 X -X I MIN I MIN I

16 1 FR I X X - - - I MIN I MlIN I
- ' __ ~17- I-_-P!7 --I X -_- ...- X.. - -- I . I M - I MIN --I . .

YOU HAVE SELECTED TO OPTIMIZE SURGE MARGIN HOLDING

CCRRECTED SPEED [RPHC) AND DISCHARGE VALVE SETTING (OVS) CONSTANT

,HILE CONSTRAINING EFFICIENCY TO A MINIMUM VALUE
HOLD RrMC CONSTANT AT 5567.500
HOLD DVS CC14STA14T AT 76.779

__ OPTITIZI!f2'G-4 VANE ANGLE(S)--_---_
LO!,'ER E0UD FOR VANE I IS 10.000
DO YOU AGREE? (Y/N)
LC':ER ECUNO FOR VANE 2 IS 5.000

l DO YOU tGREE? (Y/N) ......
LOER EOUNO FOR VANE 3 IS 5.000
00 YOU AGREE? (Y/N)

LOVER BOUND FOR VANE 4 IS 5.000
00 YOU AGREE? (Y/N) ......
UPPER BOUND FOR VANE 1 IS 35.000
O0 'OU AGREE? (Y/N)

UPPER OCUND FOR VANE 2 IS 25.000
__DO. YOU. AGREE? .(Y/N ). ......

UPPER BOUND FOR VANE 3 IS 25.000
00 YOU AGREE? (Y/N)
UPPEP eOUND FCR VANE 4 IS 25.000
DO YCU AGREE? (Yitl)
LCER BOUND VALUE FOR EFF IS 87.300
UPPER BOU D VALUE FOR EFF IS 1000.000
INCREMENITAL VAAE ANGLE VALUE FOR INITIAL VANE SETTING IS -2.00
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TITLE:

CONTROL PARAMETERS;
CALCULATION CONTROL, NCALC 6

_NUj'8!R OF GLCBL DESIGN.VARIABLES,- NOV. 4--*
N4UM1BER OF SENSITIVITY VARIABLES, HSV : 0
HUJBER OF FUt'CTIONS IN Tt'O-SPACE, N2VAR 0

NUMBER OF APPROXIMATING VAR. NXAPRX z 4

- ItNPUT ItFORMATIOH PRINT CODE. - IPNPUT z I -
DEBUG PRINT CODE, IPDOG 0

-CALCULATIOH CoNTROLs NCALC -... -
VALUE MEANING

I SI1'GLE ANALYSIS
2 OPTIMIZATION

3 - SENSITZVITY ..............
4 T'O-VRIABLE FUNCTION SPACE
S OPTIMUA: SENSITIVITY
6 APPROXIMATE OPTIZIZATION

__ p OPTIMyZATIOH INFORMATION .. ..

GLOBAL VARIABLE NUMBER OF OBJECTIVE 6
MULTIPLIER (NEGATIVE INDICATES MINIMIZATION) = 0.1000E+01

CCNIIIN PARAMETERS (IF ZEPv COd"IN DEFAULT WILL OVER-RIDE)

rPmrfT IrrAX ICNOIR HSCAL rTRH LZNCBJ NACHXI NFOG
____S ...... 20 .... 5 . .. 3.... .... 0 10 .0

FCCH FOCH I CT CThIN
0.10000E-01 0.10000E-02 -0.S0000E-01 0.40000E-02

CTL CTLtMIN THETA PHI

-0.10000E-01 0.10000E-02 0.10000E.01 0.0

_ OELUN . . FUN .. ..___ ALPHAX
0.1O000E-02 0.0 O.10000E+00 0.1000E500

DESIG4 VARIABLE INFORMATION
_ NC'i-ZEfO INITIAL VALUE IJ1LL. OVER-RIDE MODULE.INPUT.-
0. V. LC:tZR UPPER ItlITIAL
NO. BOUO3 GOL? a VALUE SCALE

1 0.10000E*02 0.35000E.02 0.27000E02 0.0
_2__0.50000E#01 __ 0.25000EO2 - 0.16000E+02 .0.0

3 0.50000E401 0.25000E402 O.13000E+02 0.0

4 O.S000E01 0.2500E502 0.90000E 01 0.0

DESIGN VARIABLES
0. V. GLOBAL MULTIPLYING

ID NO. VAR. 40. FACTCR
1 1 ____1 .0.100005.01____

2 2 2 0.10001E01
3 3 3 0.10000E401

4 4 4 0.10000E+01

CON1STRAINT INFORMATION

-THERE-APE 1-CONSTRAINT SETS ......
GLCBAL GLOBAL LINEAR LOWER NORMALIZATION UPPER NORMALIZATION

10 VAR. I VAR. 2 ID B=.0 FACTOR BOUND FACTOR
1 7 7 0 0.87300E+02 0.87300E+02 0.10000E*04 0.10000U*04

TOTAL RUBBER OF CONSTRAINED PARAMETERS 1 1
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NUMBER OF FUNCTIONS APPROXIMATED, NF 0
.. NU!3ER OF. ItFUT X-VECTRS~.____.PS ....

X-INEfl'J AFOMXIHATINS CYLE PKI a -5

NOM1INAL DESIGNf PAAETR NOI x 28
.- R.Lt.,"TIFOR X-VEUTOR* A.ITRISXO~.z_

F-VCTIOU FOR XT PARSE, INFLOC % 0

PTE EI10 COUTE IAXf =

DELTA-X BOU1M APFORAN APPOXCE PTMIZATION

M2MIJL DSI N PAEERX____ XFACT1 = .100E8
MU-LOTIIR ONPU PRIX, E~ XAC2 D.00E

I'..LOLLOCATIONPUT F.XPAR IABLES _____-_______

1AE SEIE 3.D 4O ~ AXR

___GLOBALkiiM EOAItS OPTIMIZATION*

N__UMBEtR 14 DESIGN 1 FCIa-010E0
MULTIPLER ON D1E+O2.D.15D42 =0.2000E+01~

N'1 2 DEIG 4

_GO270E4__D.1800E02. OFNTlfSO.20iOE02.......
* 7

NUMBER 3 DESIGN 3
_4.2900Eto2--D.16OOE+02--..0.150E402-.-0.1100E+0Z-.

NUBE D ESIGN a

-0.2700E+02 -0 .1600E.O2. -0.1500E402 .0.1100E*02-.--

I NUMER 5 DESIGN 5
-0.270O0.+02- O.160CE.02- 0.1300E+02 -0.9000Ei-01.- -

*uESTIMATED DATA STORAGE REQUIREMENTS

RCAL INTEGER
.. INPUT-.EXECUTION AVAILABLE -. INPUT_. EXECUTION_ AVAILABLE.-

37 33S 5000 26 71 1000

I -.---- "DEGREES -

SET VANE 1 TO 18.00 DEGREES
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SET VANE 3 TO IS.00 DEGREES

SET VANE 4 TO 11.00 DEGREES

HOLD RPA T COSTAT AT A VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 8.2600

EFFICIN 87.1400

**W*! NWW*NMN~W.NM*tiNNINNNWM*

SET VANE 1 TO 27.00 DEGREES

SET VANE 2 TO 18.00 DEGREES

SET VAHE 3 TO 15.00 DEGREES

SET VAN 4 TO 11.00 DEGREES

HOLC IC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779

SUr GE Mt.7GIN= 8.7500

iEFF ICIENCY
=  

87.3200

SET VANE 1 TO 27.00 DEGREES

SET VAN.' Z TO 26.00 DEGREES

SET VANE 3 TO 15.00 DEGREES

SET VANE 4 TO 11.00 DEGREES

I!OLD PNfC CCN'STAHT AT A VALUE OF S567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
SU.GE MARGIN: 8.8700 -

EFFICIENCY= 87.2400

WW* N LMNNNN* l N N tNN *

SET VANE 1 TO 27.00 DEGREES

SET VANE 2 TO 16.00 DECREES

S T V-t(E 3-TO - 13.,00 DEGREES

SET VANE 4 TO 11.00 DEGREES

HOLD RPX.C CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 9.1200

EFFICIENCY& 87.2800
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SET VANE TO 27.00 DEOEES

SET VANE 2 TO 16.00 DEGREES

" SET VANE 3 TO 13.00 DEGREES

SET VANE 4 TO 9.00 DEGREES

HOLD RPKC CONSTANT AT A VALUE OF S567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE MARGINz 9.1800
EFFICIENC : 87.3300

APPROXIMATE OPTIMIZATION ITERATION HISTORY

APPROXIMATING FUNCTION 1 IS THE OBJECTIVE

APPROXIMATING FUNCTIONS ASSOCIATED WITH CONSTRAINTS

DESIGN VARIABLE NUMBERS ASSOCIATED WITH APPROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATION NUMBER I

.. -NOMINAL. DESIGN NU MBER .... -S

X-VECTOR
0.27000E+02 0.16000E*02 0.13000E+02 0.90000E.01

FUt,'CTION VALUES
0.91800E01 O.8733CE02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
_____-0.20O00E01. _0.82847E.00 -0.20000E*O1-O.20OOE_01_ .

X-VECTOR
0.5COE*02 0.16828E+02 0.11000E+02 0.70000E+01

APPROXIMATE FU"CTICH VALUES
0.99303E.01 0.87633E402

S SET VANE I TO 25.00 DEGREES

SET.VANE_2_TO0-.16.83 DEGREES

SET VANE 3 TO 11.00 DEGREES

___S:TVfNEi ,_TO- .7.00 C"GREES.

HOLD RP IC CONSTANT AT A VALUE OF 567.500
HOLD OV33 COSTANT AT A VALUE OF 76.779i? SU, S-E .rWGIN: .... 9.'*800 .________

EFFICIENCYx 87.5600

SM?,ECrSE FLWNTION VALUES...
0.946800t+01 0.8754OE+02
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BEGIN ITERATION NUtISER 2

NOI!NAL DESIGN NUMBER 6
-V-ECTORi

O.ZSOOOE*02 0.16828E+02 0.11000E+02 O.70000E*01

IFUhCTIOH VALUES ...
0.94800E*01 0.87540E+02

.RESULTS .OF.APPROXIMATE-OPTIIZtATION.

DELTA-X VECTOR
O.42508E+O0 0.84746E*00 -0.20000E+01 -0.20000E01

X-VECT01
0.2542SE+02 O.17676E+02 0.90000E+01 @.50000E*O1

._APPROXIMATE- FUNCTIOll VALUES .........
0.97.84E+01 0.87653E+02

SET VANE 1 TO 25.43 DEGREES

SET VANE 2 TO 17.68 DEGREES

SET VANE 3 TO 9.00 DEGREES

SET VANE 4 TO 5.00 DEGREES
HOLD PC CONSTANT AT A VALUE OF 5 S67.00

HOLD OVS CONSTANT AT A VALUE OF 76.779
SUCE tt'RGIN= 9.6500

EFFICIENCY =  87.3700

PRECISE FUNCTION VALUES
_ 0.96500E.01..O_.87370E+02

-jBEGINI-TERATION NU,3ER- ..3 -..

'OMIINAL DESIGN NuIOER 7

__.X-VECTOR .
0.2542SE*02 0.17676E+02 0.90000E+01 O.SOOOOE+O1

FU!CT cN VALUES
_O.96500E401 _0.87370E+02.__

RESULTS OF APPROXIMATE OPTIMIZATION
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I

DELTA-X VECTOR
0.1805SE.01 -0.71106E#00 -@.20000E.O -0.28566E-0S

. X VzCTc . . .... .. .... ....

o.27231E.#o 0.165E.02 0.70000E.O- O.SOOOOE.1

APPROXIMATE FUNCTION VALUES
0.10846E#02 0.89697E+02.........

I .SET..VANE_1 TO .- 27.23 DEGREESE

SET VANE 2 TO 16.96 DEGREES

-- SET VANE 3 TO .. 7.00 DEGREES

SET VAHE 4 TO 5.C0 OGREES

-- HOLD RIC CONSTANT .AT A VALUE OF .. 5567.300
t'OLD OVS CCSTANT AT A VALUE OF 76.779IUS.E IVRGIU= 9.4500

.. EFFICIECY= .- _87.05C.

1 PRECISE FUNCTION VALUES
, 0.9400E+01 0.87050E#02

BEGIN ITERATION NUMBER 4

!OMINAL DFSICI NUPBER a

X-VECTOP

_ 0.27231E+02 0.16965E+02 0.70000E01_.0.50000 .01....

FUNCTION VALUES
0.94500E+01 0.870L0E402

RESULTS OF APPROXIMATE OPTIMIZATION

___DELTA-X VECTOR *

-0.-'6999E+01 -0.1O753E+01 0.30000E+01 0.0

X-VECTOR
___ 0.24531E.02 _0.15889E+02O 0,.10000E02-0.SOOOOE.01.__

APPROXIMATE FUNCTION VALUES
0.98537E+01 0.87274E+02

SET VANE 1 TO 24.53 DEGREES

SET VANE 2 TO 15.89 DEGREES

SET VANE 3 TO 10.00 DEGREES

SET VANE 4 TO 5.O0 DEGREES

S I _ HOLD Rfrmc CONSTANT AT A VALUE OF 5567.S00
"OLD VVS CONSTANT AT A VALUE OF...... 76.779..
SURGC MARGINz 9.7900

EFFZCIENCY2 87.4300

WW...................
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PRECISE FUNCTITO VALUES
0.97900E#01 0.87430E+02

BEGIN ITERATION NUIIBER S

_HOINAL..DESIGN NtURER_=_x 9 -

X-VECTOR
O.24531E#02 0.15889E+02 0.10000E4OZ O.50000E*01

FUNCTION VALUES
0.97900E+01 0.87430E+02

RESULTS OF APPROXIMATE OPTIMIZATION

OELTA-X VECTOR
-0.13657E.01 -O.30000E.01-O.12498E00_0.7160E+0.

X-VECTCR
0.23165E+02 0.12889E#02 0.98750E*01 O.57160E+01

APPROXIMATE FU~:CTIO. VALUES
0.10994E+02 0.87A4E+02

SET VANE I TO 23.16 DEGREES

- SET VANE 2_TO 12.89 OEGREES

SET VANE 3 TO 9.88 DECREES

.SET.VANE 4, TO .S.72 DEGREES

HOLD RFttC CONSTANT AT A VALUE OF 5S67.510
HOLD oVS COINSTAtNT AT A VALUE OF 76.779

_SU.RGEHAFGIN= .... 9. 9800------- .

EFFICIENCY= 87.2700

-_PRECISE FUNCTION VALUES -...
0.99500E+O. 0.87270E+02

BEGIN ITEPATICI NUMBER 6

NCMINAL DESIGN NUIBER z 10

X-VECTO'R

0.23165E+02 0.12889E+02 0.98750E+01 0.57160E*01

__,FU?_Tr N VALUES _
0.99300E+01 0.07270E+02

RESULTS OF-APF'?O'IMATE OPTIMIZATION- ....

DELTA-X VECTOR
0.52440E*00 0.58893E+00 0.98662E+00 -0.71604E*O0

X-VECTCR
0.23689E+02 0.13478E#02 0.10862E+02 0.S0000E*01

__APPOXTATE FUNCTION VALUES.....--
0.I0C2n*02 0.87^93E,02
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SET VANE 2 TO 13.48 DEGREES

SET VANE 3 TO 10.86 DEGREES

SET VAtE 4 TO 5.00 DEGREES

HOLD iPtC COtSTANT A A VLUE OF S6.O

HOLDt OVS CONSTANT AT A VALUE OF 76.779I

SUIGE MARGIN= 9.8400

I EFFICIENCY: 87. 3000

PRECISE FUNCTION VALUES
0. 9840OE_01 0.87300E.02

___BEGINITERATIO NUMBER -- 7

NOMINAL DESIGN NUMBER : 11

__X-VECTOR_

J0.23689E.02 O.13478E02 0.10862E02 O.SOOOOE01

FUNCTrON VALUES
-- 0.93'00E#01 0.87300E*02 ... ........

RESULTS OF APPROXIMATE O'TimrZATION

DELTA-X VECTOR

-0.,14401E*01 0.74872E400 -0.29438E*01 0.29881E.01

.. x-vECT R ..
.2,249E.02 0.14227E.0 0.79178E.01 0.79881E.O

AP9:7"01!ATE FL,-CTION VALUES
0.9922ZE01 0.574,SE+02

- SET VANE I TO 12.25 DEGREES _

SET VANE 2 TO 14.23 DEGREES

JSET.Vf!! 3-TO 7.92 DEGREES

SET VANE 4 TO 7.99 DEGREES

"..HOLD RFIC CONSTANT AT A VALUE OF 5567.SOO
HOLD CVS CO:.3TANT AT A VALUE OF 76.779
SVIGE I ARG~tI: 9.9000

i EFFICIECYx_ . 87.3000

PRECISE FUNCTION VALUES

0.99000E+01 0.8730CE.02
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BEGIN ITERATION NUMBER a

NOMIINAL DESIGN NUMBER = 12

X-VECTOR
0. . 22249E400. 14227E.02.O 79178E010.79881F.+0

FUNCTION VALUES
O.99000E+01 O.87300E02

RESULTS OF APPROXIMATE OPTItIZZATION

DELTA-X VECTOR . -... ......
0.31456E*00 0.25967E+00 0.62168E400 -0.27062E*01

X-VECTOR
0.22564E+02_ 0.14486E+02 0.8539SE.01_ O.52819E+01_

APPROXIMATE FUNCTION VALUES
0.91291E+01 0.87331E+02

SET VANE I TO 22.56 DEGREES

SET VAE 2 TO 14.49 DZGREES

SET V,.E 3 TO 8.54 DEGREES

SET VANE 4 TO 5.28 DEGREES

HOLD R.'lC CONSTANT AT A VALUE OF 5567.500
-HOLD OVS CCISTANT AT A VALUE OF.... 76.779 ...
SURGE MARGIN= 9.9700

EFFICIENCY: 87.3600

PREC!E FU'tCTIO(II VALUES.
0.99700E+01 0.87360E+02

BEGIN ITERATION NUMBER 9

NOIMINAL DESIGN NUMBER =__ 13. _

X-VECTO?
0.22564E*02 0.14486E*02 0.8539SE+01 O.52819E01

FUICTIN VALUES
0.99700E*01 0.87360E+02

RESULTS OF APFROXIMATE OPTIIIZATION

DELTA-X VECTOR
-0.26179E*00 -0.6940 E-01. 0.10623E00_--0.28189E*00

X-VECTOR
0.22302E+02 0.14417E+02 0.86457E+01 0.S0000E+01

* APrRC:IMATE FUt*CTIOtl VALUES
0.99761E*01 0.87370E*02
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SET VANE 1 TO 22.30 DEGREES

___SET VANE_2_TO 14.42 DEGREES----.----

SET VANE 3 TO 8.65 DEGREES

__SETVANE_4_TO _ 5.00 DEGREES--- -

HOLD RPMC CONSTANT AT A VALUE OF SS67.500
HOLD DVS COISTANT AT A VALUE OF 76.779

_SUqsE 4.,GZIH= 10.0100

EFFICIeNCY: 67.3200

I
-PRECISE FUNCTIO VALUES -

0.10310E+02 0.87320E,02

BEGIN ITERATION NUIIER 10

NOMINAL DESIGN WIJ1DER 14

X-VECTO1
, 0.22302E*02 0.14417E+02 0.86457E+01 0.50000E+01

.FU!,TMV4 VALUES.-------------.-
0.1010E+02 C.87320E+02

-RESULTS OF APPROXIHATE OPTIIZATIO __

DELTA-X VECTOR
-0.1419E+00 -0.50324E-01 0.14968E-01 0.58275E-06

X-VECTOR
0.22160E+02 0.14367E02 0.86607E+01 0.50000E+01

. APPPOXIMATE FUNCTION VALUES-.----__
0.100I0E.02 0.67.TZlE+02

SET V_. E 1 TO 22.16 DEGREES

SET VANE 2 TO 14.37 DrGREES

I SET VA,, 3 TO 8.66 DEG"EES

SET VANE 4 TO 5.00 DEGREES

HOLD RPC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SXICE MARGIN: 10.C-00

PRECISE FUNCTION VALUES

-0.10020E+02 0.87310E.02_
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-......BEGIN -ITERATION NUMBER- - 11 -.

NOMINAL DESIGN NI.EBER 15

-VECTOR~~~--
0.22160E+02 0.14367E+02 0.86607E*01 0.50000E+01

FUNCTION VALUES
- 0.100Z0E.02_ 0.87310E.O.-----.-

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
-0.92877E-01 -0.16467E-01 0.23182E'-02 0.0

0.22067E+02 0.14350E+02 0.86630E+01 0.50000E+01

APFROXItIATE FUNCTION VALUES
____-0.100C0E+02 0.8-.310E+02.

_SETVA.NE 110 .22.07 DEGREES..___-____

SET VANE 2 TO 14.35 DEGREES

_SET..VAflE.3 J0 -- 8.66 -DEGREES______-- -

SET VANE 4 TO 5.00 DECREES

-HOLD PPtiC CONSTANT AT A VALUE OF ___.5567.500 ___

HOLD OVS CONSTANT AT A VALLE OF 76.779
SL7GE tARGINm 9.9200

.. EFFCEtCY= 87.3200-

PRECISE FUNCTION VALUES
0.97200E+01 0.873Z0E.02

BEGIN ITERATION WUISER 12 _______

NOlltiHA DESIGN HUtZER_ = 16

X-VECTOR
-_ 0.22067E.02 0 .14350E+02 0.86630E010.50000E01.

FUNCTION VALUES
0.99200E+01 @.87320E*OZ

RESULTS OF APPROXIMATE OPTIMIZATION

-D.ELTA-X VECTOR --.

0.90472E+00 0 .24113E+00 0.33393E+00 0.76357E-01

X-VECTOR
-- 0.22972E+02 .0.14.591E.02. 0.89970E*01 - 0.507641.01

APPROX<IMATE FUNCTIO14 VALUES
0.99321E.01 0.87341E+02
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I SET VANE I TO 22.97 DEGREES

SET VANE 2 TO 14..59 DEGREES

I SET VANE 3 TO 9.00 DEGREES

SET Vie 4-T0 5.08 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.S00
-HOLD DVS CONSTANT ATA VALUE OF _ .76.779

SURSE MARGIN: 9.9000

EFFICIENCY= 87.3900

I PRfECIZE FULNCTICN VALUES
0.99000E+01 0.87390E 02

BEGIN ITERATION NUMBER 13

__.._ NOMItIAL DESIGN NUMBER =__17_

X-VECTOR
0.2972E+02 0.14591E+02 0.89970Es01 0.50764E 01

FUNTIO-N VALUES
0.99C00E+01 0.87390E+02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTCl
____-0.53e03E+00 -0.10465E 00 0.2449SE-0l -0.76386E-01....

X-VECTOR
0.:.23,"E 02 0.14437E+02 0.90C15E+01 0.50000E+01

APPOXIMATE FUNCTIC9 VALUES
0.9eO:/)E+l 0.87397E+00

SET VANE 1 TO 22.43 DEGREES

j ~--SZT VA! 4E a TO .~14.49 DZCREES - -- ---- *-

SET VAE 3 TO 9.0Z DEGPEES

-- SET. VA'E 4 TO 5.00 DECREES .....

HOLD RP;C CONSTANT AT A VALUE OF 5567.500
HOLD VVS CCPSTA14T AT A VALUE OF 76.779
ZUC!CE . .A..IN. 9.9600 .

I EFFICIENCY= 87.3400

. _P.ECISS FLNCTION VALUES
0.9!SCOE401 0.87340E+02

8BGIN ITERATIO14 NUVIOER 14

3 NCMIAL DESIGII NUMBER = 1
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X-VECTOI

0.22434E*02 0.14487E+02 0.90215E*01 O.50000E401

-FUINCTICN VALUES_ . -

0.99600E+01 0.87340E+02

RESULTS.OF-APPROXIATE-OPTMIZATION

DELTA-X VECTOR

0.10636E+00 0.82121E-01 -0.615'8E-01 0.20496E-06

X-VECTCR
0.22540E+02 0.14569E+02 0.89599E+01 O.50000E+01

___APPPOXIIATE. FUNCTION VALUES
0.9^302E+01 0.87340E 02

SET VANE 1 TO 22.54 DEGREES

SET VANE 2 TO 14.57 DEGREES

SET VANSE 3 TO 8.96 DEGREES

SET VANE 4 TO 5.00 DEGREES

HOLD RPNC CONSTANT AT A VALUE OF 5567.500

HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 10.0300

EFFICIENCY= 87.3400

PRECISE FUNCTION VALUES
0.10230E+02 0.87340E+.02 -.... . . ... ...

-- BEGIN ITERATION NUMBER. 15 .. . .

NOMINAL DESIGN NUfIBER 19

-. X-VECTOR. ......
0.22540E+02 0.14569E02 0.89599E+01 0.50000E+01

FUNTICN VALUES
_____ 0.10030E.C2 O.87340E402---------- ....

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOP
-0.65381E+00 0.13942E+00 -0.15637E+00 0.37472E-06

__X-VECTOl .......
0.218C6E+02 0.14708E402 0.8803SE+01 0.50000E+01

APFROXIrATE FUNCTION VALUES
0.10135E+02 0.87350E+02

-- SET VNE 1TO . 21.89 DEGREES.

SET VANE 2 TO 14.71 DEGREES
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3 __SET.. VAHE 3.30. .8.80. DEGREES

SET VANE 4 TO S.00 DEGREES

'1 il HOLD RPMC CONSTANT ATA VALUE .. 5567.500-
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 9.9900

I .EFFICIENCY=_ .87.3100_______
m

I PRECISE FUICTION VALUES
0.99900E+01 0.87310E+02

BEGIN ITERATION NUMBER 16

NO.IHAL DESIGN NUMBER = 20

X-VECTOR

0.E- 6E,.O2..-O.14708E0Z . 0.88035E 01.- 0.50000E*01---.

FUHCTIO.I VALUES
0.99900E+01 0.87310E+02

RESULTS OF APFROXIMATE OPTIMIZATION

.. DELTA-X VECTOR ... . . . ...
0.4 S081E+00 -0.16517E+00 0.65177E-01 0.81430E-06

X-VECTOR
0.22337E+02 0.14543E+02 0.86687E+1_.OL .50000E01_

APrP.OXIMATE FUtCT1O0J VALUES
0.99925E+01 0.87315E+02

SET VANE I TO 22.34 DEGREES

SET VAHE 2 TO 14.54 DEGREES

SET VANE 3 TO 8.87 DECREES

SET VANE 4 TO 5.00 DEGREES

HOLD RPHC CONSTANT AT A VALUE OF 5567.500
___HOLO OVS COISTANT AT. A VALUE.OF ... 76.779 _-_-

SUCE MA-GIN= 10.0900

EFFICIENCY= 87.3200

PRECISE FUN'CTIOt VALUES
0.10090E+02 0.87320E+02

BEGIN ITERATIO! lNMBER 17

_t__NMINAL DESIGN N"JSER z - 21__

X-VECTOR
0.22337E402 0.14543E#02 0.88687E+01 O.SO000E01
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IFUNCT-165 "VALUES
0.10090E+02 0.87320E+02

RESULTS OF APPRX TE OPTIMIZATION

DELTA-X VECTOR
-15458E01O0.6106$E.00_O.32988E.000180E-06_

X-VECTOR
0.20791E+02 O.l5lS4E+02 0.91986E+01 0.50O00E+01

APROXIMATE FUN4CTION VALUES
0.10122E*02 0.87355E+02

SET VANE 1 TO 20.79 DEG-REES

.SET..VAE 2 TO015. 15 DEGREES-

SET VqNE 3 TO 9.20 DEGREES

_SETVANE_4. TO ._5. 00. DEGREES- __________

HOLD RPV1C CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779

_ SUCEMARGIN= 1.90 .. ___ ___

EFFICIENCY= 87.2600

-PRECISE FUNCTIO4 VALUES.---- ______________

0.1COOOE.02 O.87Z60E+02

FINAL RESULT OF APPROXIMATE OPTIMIZATION

NOMINAL DESIGN NUMBER = 21

X-VECTOR

0.22337E+02 0.14543E+02 0.88687E+01 0.50000E401

_FU'JCTI04 VALUES .~. .

0. 10090E+02 0.87320E*02

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

GLOBAL LOCATIONS OF X-VARIABLES
1 2 3 4

GLOB;.AL LOCATIONS OF FU CIIONS, F(X)
6 7

APPROXIMATION IS BASED CN 22 DESIGNS

NOMIN4AL DESIGN IS DESIGN NUMBER 21

VALUES OF X-VARIABLES

0.2234E+02 0.1454E402 0.6869E#01 0.SOOOE.O1
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0.10C9E+02 O.8732E*02

iI3
~COEFFICIENTS OF TAYLOR SERIES EXPANSION

PARAM1ETER I GLOBAL VARIABLE 6

LINEAR TERMS, DEL F
2 4-0.2489E-01-. -0. 56E-OL--.3135E-O1.-.O.1O33E*00

NON-LINEAR TERMS, H, BECINING WITH DIAGONAL ELEMENT

RO!A 1
-0.3420E-01

1 -0.3243E-01

ROW 3
-.-70.1605E-01

ROW 4
0.2657E-01

PARAMETER 2 GLOBAL VARIABLE 7

-LINEAR TERMS,..DEL F -.... . .
0.1970E-01 0.6028E-01 0.4993E-01 0.4308E-01

_Oti-LItNEAR TERMS,-H,. BEGINING WITH DIAGONAL ELEMENT-

- ROW 1
-0.2774E-01

ROU 2
-0.1114E-01

-0.1144E-01

RCI 4J ---0.1471E-0i -

OPTIIZATION RESULTS

I .C~SJECTIVE FUNTON... ..... ....
GLOAL LOCATION 6 FUNCTION VALUE 0.10090E+02

I __-DESIGN- VARIABLES- _

0. V. GLCBAL LONER UPPER
ro NO. VAR. N4O. sOUlND VALUE BOUND
2 1 . ..... O.I000EC.02..0.22337E*O-0.35000E402
2 2 2 0.50000E201 0.14543E+02 0.25000E402
3 3 3 0.50000E01 0.88687E+01 0.25000E+02
4 4 4 0.500002+01 0.S0000E01 0.25000E02
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DESIGN CONSTRAINTS

GLOBAL LOWER UPPER
ID VAR. NO. BOUND VALUE BOUHD
1 7 0.67300E+02 0.87320E+02 0.10000E+04

FINAL SOLUTION VALUES **wN

VANE AN~GLE FOR VANE 1 IS 22.34 DEGREES

...VAKEAN LE.JORVANL2.1IS - 14.54-DEGREES

VANE ANGLE FOR VANE 3 IS 8.87 DEGREES

_YANANLFORIAN.4IS _ 5. 00 -DEGREES

SURGE MARGIN= 10.0900

_-EFFICIENCY= 87..3200. ______________________

RPK1C WAS HELD CONSTANT AT 5567.50

OVS WAS HELD COUSTANT AT 76.78

PROGRAM1 CALLS TO AHALIZ

ICALC CALLS
1. 1
2 22
3 1
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STATOR VANE OPTI"IZER

______PROTOTYPE SOFTWARE CAPABLE OF GUIDING THE OPTIIZATION OF __

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

FREPARED FOR THE AIR FORCE AERO PROPULSION LAORATORY . ....

LmOER CONTRACT F33615-79-C-2013

B¥: PRATT & 14HIThY AIRCRAFT GROUP -

GOVERNKEtIT PRODUCTS DIVISION

PLEASE HIT RETULN TO VIEW OPTIMIZATION GOAL MENU
----..----------------------------------------------------

I OPTIMIZATION CONITIC:NS I CONSTRAINTS I
NO I GOAL I RFttC WC FR DVS O.L. I S.M. I EFF I
--- - -- - -- ----- . . .---- ------.. ..-. ...- ..--------------- . .-- --

SI _EFF I - . X - - - I
I! EFF I X - - X I - I- I

3 1 EFF I - X X - - I - I - I
4 ! EFF I X - - X - IN I - I
5 I _EFF IX . - - .X I!N .__ I
6 ! EFF I - X X - I MIN I I
7 5.1. 1 X SM- X - I - I I
8 I S.M. I X - X I - I I
9 1 S.M. I - XX . . - I I I

10 S.m. I X - - X - I - IN14 I
11 1 S.M. I X - - - X I - I MIN I
12 1 S.M. I - X X - - I - I MIN I
13 I S'I/ELD I X X - - - - -
14 r t:'.x t:c r X - - - X I MIN ItIIN I
i5I tHtJ C I X - - - X I tI! I M! I
16 I FR I X X - - - I MItl I MIN I
17 I PR I X - - - X I M! I HIN I
YCJ HAJE SELECTED TO MAXIMIZE CORRECTED FLVA HOLDING

CORRECTED SPEED (RPMC) AN'D OPERATITS LINE (OL) CONSTANT

1".I!LE CC;,3TRAININS SURgE MARGIN AND EFFICIENCY TO MlINIMU-VALUES
HOLD Rr::C CONSTANT AT 5567.500
HOLD CL CC'*STAHT AT 76.779
OPTIM IZ _'3 4 VA,:E AN LE(S)
LC: En cU'D FC! VANE 1 Is S iO.000
00 YCU AGREE? (Y/N)
LO :EP EOU;,D FC. VANE 2 IS 5.000
00 YOU AGREE? (Y/) '
LC'',1 !OL'D FCl VANE'3 IS - 5.000
00 YCU ACREE? (Y/N)
LO:El SCUND FOR VANE 4 IS 5.000
00 YOU AGREE? (Y/N)
UPPER BCUND FOR VANE IS 3S.000
00 YOU AGREE? (Y/N)
UPPER 4?UND FOR VANE 2 IS 25.000
DO YOU AGREE? (Y/N)

UPPER SCU1JO FOR VANE 3 IS 25.000
00 YCU AGREE? (Y/N)
UPPER COU!40 FO9 VANE 4 IS 23.000
_0 YCU AGREE? (Y/N)
LO:'ER EO101 VALUE FOR SM IS 8.500
UPPER DOUND VALUE FOR SM IS 100.000
LUPPR BOUND VALUE FCR EFF IS 87.000
UPPER E.,OU.,D VALUE FOR EFF IS 1000.000
IllC,.n'ztP.t4TAL VANE ANGLE VALUE FOR INITIAL VANE SETTING IS -2.00
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EI!

TITLE:

CONTROL PARAMETERS;
CALCULATION CONTROL, NCALC z 6

_ UtISER OF GLOBAL DESIGN VARIABLES, NOV 
.
__ 4

NUMZER OF SENSITIVITY VARIABLES. NSV z 0
NUJZ1CER OF FUNCTIf.fS IN TD-SPACEP N2VAR z 0
NU8 E OF APFROXIMAT IN VAR. NXAPRX c 4

_INPUT INFORMATION PRINT CO0E,___ IFNPUT .__ 1
DEBUG PRINT CC3E, IPOBOG 0

CALCULATION CC.ITROL, fCALC_
VALUE MEANING

1 SINGLE ANALYSIS
2 OPTINIZATICH

3 SENSITIVITY
4. TO-VARIABLE FUNCTION SPACE
5 OPTI'IU.1 SENSITIVITY
6 APFf,'OXIMATE OPTIMIZATION

* OPTIMIZATION INFORMATION

GLOAL VARIABLE NUMBER OF OBJECTIVE x a
MULTIPLIER (N2GATIVE INDICATES MIHIMIZATION) v 0.1000E+01

CON:IN PARAMETERS (IF ZERO, CONtIN DEFAULT WILL OVER-RIDE)

IPRINT ITIAX ICtDIR NSCAL ITRM L1140! J HACHXI NFOG
-S 20 0 . 0 3 0 . 10 .... 0

FDCH FOCHM CT CTMIN
0.10000E-01 0.1O OCE-D2 -0.S000E-01 0.40000E-02

CTL i CTLtIrn . TH.TA PH
-0.100IE-01 0.10000E-02 0. 0000E*01 0.0

_ DELFN DAOFUN ALFHA,, ABOSJ1
0.10000E-02 0.0 0..0000E.00 . 000E.O0

OES.?Z14 VARIA3LE INFORMATION
- - NOt-ZERO -INITIAL VALUE WILL OVER-RIDE MODULE INPUT

D. V. L CL R UPPER IN!ITIAL
Ho. ectB' cOUND VALUE SCALE

1 0.10000CE02 0.3SOCOE*02 0.27000E+02 0.0
2 0.SO00CE+01 0.25000E+02 0.16000E#02 0.0
3-- 0.S0000E.D1 D....OCOE.02 0.13000E+02

- - 
0.0

4 0.50000E+01 0.25000E+02 0.90000E.01 0.0

O-ESIG4 VARIABLES
0. V. GLOBAL MULTIPLYING

ID 140. VAR. NO. FACTOR1 1.. ....! .. .. 0.10000E.01 __ __

2 2 0. 10000E4O1 '

3 3 3 0.10000E401
4 4 4 o.10000E*01
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CONISTRAIN4T INFORMATION

___THERE- ARE 2 CONSTRAINT SETS-
GLCSAL GLOBAL LINEAR LOWER NORMALIZATION UPPER N02fl1ALIZATION

10 VAR. 1 VA7. 2 10 BOUND FACTOR BOU14D FACTCR
1 6 6 0 0.85000E+01 0.85000E+01 0.10000E.03 0.10000E+03
3 7 .7 __0 ____ 0.87000E*02 0.87000E*02 _0.10080E04.__0.10000E+04_

TOTAL NUMBER OF CONSTRAINED PARAMIETERS = 2

APMOXIMATE ANALYSIS/OPTIMIZATION INFORMATION

NUMBER OF FUtMCTIONS APFROXIMATED, NF __0 _____ __

HJUI:ER OF XtNFUT X-VECTCRS, NPS, =
lJMiS!R OF IN~PUT X-F PAIRS, HPFS = 0
X-VECTC'? FROM A14ALIZP HPA = 0

____OHIN.L DES!G"l, IN09 __ 0
READ UN~IT FC!? X-VECTCRS9' ISCRX 5
READ VNIT FC2 X-F PAIRS, ISCRXF s
PlINT CONTROL, IPAFR'< I

tl!NI'A~ AFPPOXIMATINS CYCLES, KMItI 5
r.AXIM1t1 APr!ROYIMATING CYCLES, KMAX = 17

fAl~1DESICNIS USED V)J FIT, Np.,AX = c
___ NOfl5L ESIC- PARAM~ETER, ___ Jt~c?= 28 _________

X-LCCATIONl INP'UT PARAZTEPV INXLCC = 0 -_____-____

F-LC:ATICN4 VV*UT PARANETE1R, XIJFLCC = 0
TAYLtR SERIES 1.0. CODE, MAXTRM = 2

OELTA-X VCO4S FOR APPROXIMATE OPTIMIZATION
O.2COOE.01 0.OC3OE*01 0.20001 O.20C0E.O1

ti'LT:"LIERCV1 CELX, FAT1 0150EO
r.ULTi-PLIER ON4 CELX, XFACT2 O.200CE.01

GtLC:'..L LOCATICNS OF X-VARIA3LES . .- - -- - - -- - -- - -

1 2 3 4.

- GLOBAL LCCATIC*,*S OF FU?::TICHs-----.

8 6 7

X9-VECTOPS INPUT FROli UNIT 5 - ___

-NUI1DR 1 DESIGN 1I____ ___ _______

O.'0900Ei020;O180E402 0O.ISOOE.002-.110102--___ _________-

NUBER 2 DESIGN 2 ---..- _ _ _

0.27001.02 0.1800E.02 0.15001.02 0.1100E+02

__mi-M!? 3 DESIGN 3
0.270C:+02 0.1600E402 0.1500E*02 0.1100E*02

NHIDER 4 DESIGN 4.
0.27COE.02 0.1600E#02 0.1300E.02 0.11001.02*

Krt~ "3 S DESIGN 5
0.2700Z.02 0.1600E402 0.13001.02 0.9000E.01 -
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* w ESTIMATED DATA STORAGE REQUIREMENTS

REAL - INTEGER
INPUT -EXECUTZ'-AVAILBLE .....INPUT EXECUTION'-AVAILABLE
41 355 5000 30 78 1000

NSETAWUEN**NN O 9.*NM0*DECUE

SET VAINE 1 TO 29.00 DEGREES

SET VANE 2 TO 38.00 DEGREES

SET VANE 3 TO 15.00 DEGREES

__SETVANE; 4 TO 11.00 DEGREES____

HOLD RPtC COtSTANT AT A VALUE OF 5567.500
HOLD OL CONSTANT AT A VALUE OF 76.779
CCRRECTED FLO:= 77.5200

SU"GE IARGIN= 8.2800

EFFICIENCY= 87.1400

___SET V-:NE€ 1 TO _27.00 DEGREES ........

SET VANZ 2 TO 18.00 DEGREES

SET VANE 3 TO 15.00 DEGRZES ___

SET VANE 4 TO 11.00 DEGREES

_HOLD RPMC CONSTANT AT A VALUE OF 5567.500
i'OLO OL CONSTANT AT A VALUE OF 76.779
CCRPECTED FLOW= 78.4100

SURGE MARGIN= 8.7700

EFFICIENCY= 87.3200

SET V!E I TOM 27.00 DEGREES'-i

SET VA .E 1 TO 17.00 DEGREES

_SET VAE_2_TO 16.00 DECREES

SET VANE 3 TO 15.00 OEC"EES

_ SET VANE 4 TO 11.00 DEGREES_.

HOLD RPIC CCISTAtIT AT A VALUE OF 5567.500
HOLD OL CC:INTANT AT A VALUE OF 76.779
COR ?ECTED FLO:4= 78.7800

SUE r-,RGINm 8.8100

EFFICIENCY =  87.2500

WW**W*WM W*WW***MM Q4 I * *** tV A.**W,* *W WW **4
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3 ~ ~~~SET VANE TO 27.00 DEGREES________

SET VANE 2 TO 16.00 DEGREES

E N TO 13.00_DEGREES

SET VANE 4 TO 11.00 DEGREES

HCLD RP IC CONSTANT AT A VALUE OF 5567.500
HOLD CL CC,'$TA!iT AT-A VALUE CF 76.779
CORRECTED FLCW'= 79.1900

SLT;GE MARGIN=: 8.9700

EFFICIENCY= 87.3000

SET VANE 1 TO 27.00 DEGREES

SET VANE 2 TO 16.00 DEGREES

SET VANE 3 TO 13.00 DEGREES

SET VANE 4 TO 9.00 DEGREES

HOLD RP tC CONSTANT AT A VALUE OF 5567.500
HCL!D CL CONSTANT AT A VALUE OF 76.779

.CCr.,7ECTEO FLC!4= 79.4900 ... . .

SUIGe MARGIN= 9.OO00

EFFICIEtNCY= 8. .67.3300 . . . . . .

APPROXIMATE OPTIMIZATION ITERATION HISTORY

APFROXIIATING FUNCTION I IS THE OBJECTIVE

AFPFROXIATINS FUNCTIONS ASSOCIATED WI1TH CC'13TRAINTS
S 3

DESIGN VARIABLE ,UtMERS ASSOCIATED WITH APPROXIMATING VARIABLES-.

1 2 3 4

BEGIN ITERATION NMER 1

HO'I'tIAL DESIGN NUMER S

X-VECTOn
0.27000E+02 0.16000E+02 0.13000E+02 0.90000E#01

FU4,TTICN VALUES
0.79-93E*02 0.92000E+01 0.87330E02

RESULTS OF APqOXIMATE OPTIMIZATION

DELTA-X VECTOR
- -0.20000E.01 -0.2O000E*Oll -0.20000E+01 -0.2000E 01...
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X-VECTCR
0.25000E#02 0.14000E#02 0.22000E+02 0.70000E+01

APFRO:<IATE FUNCTION VALUES - ---

0.81460E.02 0.10120E+02 0.87520E+02

SET VANE 1 TO 25.00 DEGRlEES

SET VANS_2_TO 14.00_DEGREES ___

SET VANE 3 TO 11.00 DEGREES

SETVAt! 4 TO_ 7.00 DEGREES_______

HOLD PFMC CONSTANT AT A VALUE OF 5567.500
HOLD CL CCNSTANT AT A VALUE OF 76.779
CC~nECTED FLON= 81.2800 _____

StU73E MA.'ZGIN= 9.6700

EFFICIENCY= 87.4000 __ ____

PRECISE FUNCTION VALUES
0.81280E+02 0.96700E+01 0.87400E+02

BEGINl ITERATION N'JN2ER 2

NC;b~IuAL OESIC.4 NUMBSER 6

X-VECTCR
___ .C5200E.02 0.14000E+02 0.11000E+02-0.70000E+01

FU.NCTICM VALUES
O.812C0OE+02 0.96700E+01 O.0740CE402

RESULTS OF AP~rOXI1ATE OPTIMIZATION

DELTA-X VECTOR
-0.19Z52E.01 -0.M270E401 -0.20030E.01 -0.00E0

X-VECTOR
___0.23063E+02 0.12783E+02 0.90000E+01 _0.50000E+01__

APPROXIMATE FUNCTION VALUES
0.82731E+02 0.96947E*O1 0.87381E+02

SET VAME 1 TO 23.06 DEGREES

S--ET VANE 2 TO 1278 DEGREES-

SET VANZ 3 TO 9.00 OEG!IEES

SET VANE 4 'TO 5.006 DEG17EES

HOLD PFUC CONSTAflT AT A VALUE OF 5567.500
MO~LD CIL CC.N3TANT AT A VALUE OF 76.779
CC:!,LCTED FLO:*= 82.7400

SLIZGE M7GP*= 9.9900

iFFICIENCY: - 7.00
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0.32740E*02 0.9;;oo;:::0.87250t#02 ______

PNOOINAL DESIGN NUMBER 7

X-VECTOR
0.23065E402 0.12783E,02- 0.90C0001 0'60E0

FUN~CTION VALUES
0__.82740E+02 0.99900E.01_ 0.87250E+02

RESULTS OF APPTOGXIATE OPTIMIZATION

OPTIMIZATION HAS PRODUCED AN X-VECTOR WHICH IS THE SAME AS A PREVIOUS DESIGN

___ELTA-X VECTOI
0.04-:SoE-C6 -0.S619SE-05 -0.4.070^,E-05 -0.Z91S0E-05'

X-VECTCR?
0.2 065E.02_ 0.12733E+02 0900.1.OOEO ___

THE FOLLOWING DESIGN IS NOT T4E APPROXIMATE OPTIfV.UM

ODELTA-X VECTO?-639SE0-0199E0-
D.&CCOE-01 0.59994E-01 O.96E1 .97-0

X-VECT~l

___ '0.23125E+0Z 0.12843E+02 0.90400E+O1 _ .5020CE401 ___

APROXIATE FU!!CTIOtl VALUES
0.827C4.E+02 0.9997CE.01 0.87256E.02

SET VAUE 1 TO 23.12 DEG,7EES

SET V4NE 2 *TO 12.84. OEC.EES

SET VANE 3 TO 9.04 OEC!'EES

SET VANE47TO_ 5.02 D' CGREES

HOLD 7"MC CONS5TANT AT A VALUE OF 5567.500
___HOLD CL CCNSTA'IT AT A VALUEOFP _ 76.779 _ ________

C ;PRCtEO FLC4:= C2.7100

SU"G7H~'GN 9.9700

tFFICI,,Y-___87.600

PREC!tE FUNCTION VALUES
O.C710E+O2 0. 997002+01 0.87260E+02_______

147



BEGIN ITERATION NUMBER 4

NOMINAL DESIGN NUMBER 8

X-VECTOR ___
.3125EO2-012843E0---.90OOEO1"-O 

SO20OE.0I

FUNCTION VALUES
0.82710E+02 0.99700E+01 0.87260E+02

RESULTS OF APPROXIMATE OPTIMIZATION

ObELTA-X VECTOR
0.27535E+O0 -0.10000E+01 -0.49622E+00 -0.20002E-01

X-VECTCR

0.2340CE402 O.11843E+02 0.3438E+O1 0.50000E+O1

APFCOXIHATE FUNCTION VALUES
0.&301E+02 O.85726E+01 0.87614E.02

-SET VA4NE 1 TO 23.40 DEGREES

SET VANE 2 TO 11.84 DEGREES

SET VANE 3 TO - 8.54 DtG!EES____. . . .

SET VNE 4 TO 5.00 DEGIEES

HOLD PF;.C C't!STANT AT A VALUE OF 5567.500 . .
HOLC OL CC::3TNT AT A VALUE OF 76.779
CO.irl.CTED FLC.. = 62.8800

S_ UROE Ii" IN: 10.!000 .. . . ... . .... .. ..

EFFICI ZY= 87.2000

PRECISE FUNCTION VALUES
O.823SOE+0C 0.10100E+02 0.87200E+02

" BEGIN- ITERATICN kUM1SER. 5 . ..

NOMINAL DESIGN tLVBER 9

X-VECTC. .. . .

0.2-3-400E+02 0.11343E+02 0.85433E+01 0.50000E+01

FUNCTION VALUES
0.3Z&5OE+02 0.10100E+02 0.87200E+02

RESULTS OF APPROXIMATE OPTIMIZATION__ _

OELTA-X VECTOR
-0.672,2E+00 -0.30000E+01 0.35910E+00 0.48671E*00

X-VECTC-
0.22728EO2 0.8843OE01 0.89029E+01 0.54367E+01

APPROXIMATE FUlCTIO14 VALUES
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I

I 0.83304E+02 0.85494E+02 0.87775E#02

SET VA!'E 1iTO '22.73 DEGREES

SET VANE 2 TO 8.84 DEGREES

I SET VAN'E 3 TO -8.90 DEGREES

SET VANE 4 TO 5.49 DEGREES

HOLD RP.*C CCN:STANT ATA VALUE OF .... 5567.500
HOLD CL CCNSTANT AT A VALUE OF 76.779
CGRECTED FLCA= 83.3600

SURG-I!.RGI= - 9.900 . . . .

EFFICIENCY= 87.0000

FRECIZ- FUCTICH VALUES
I 0.83760E+02 0.99100E+01 0.87000E+02

CEGIN ITERATICN NUMER 6

NtfINAL DESICN NU,-SER = 10

X-VECTCI
O.2Z7ZE+OZ 0.88430E+01 0.890Z17E4O1 0.54867E#01

FU;;CTI1:1 VALUES
0.83360E+O2 0.99100E+01 0.37000E+02

RESULTS OF APPPOXIM;,TE OPTIIZATICN

DFLTA-X VECTO7
0.137;5E+C0 -0.1249 !+01 -0.80122-01 -0.48670E+00__

X-VICTC7
0.Z3116E+02 0.75931E+01 0.3820

0
E+01 0.50000E+01

-APFrOXz-;ATE FUNCTICN VALUES
0.81-616E+02 0.85363E+01 0.87463E+02

SET VAINE I TO 23.12 DEGREES

SET VAINE 2 TO 7.59 DEGREES

SET VANE 3 TO 8.82 DEGREES

SET VANE 4 TO 5.00 DEGREES

I HOLD P.FMC COMSTNT AT A VALUE OF 5567.500
HOLD OL CCMNZTA!JT AT A VALUE OF 76.779
CO-ECTZO FLC W= 83.4r,00

SUR.E M;RGIN= 10.0300

EFFICIEt'CY
=  

86.9200
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PRECISE FUNCTION VALUES
0.83480E 0" 0.10030E+02 0.86920E+02

BEGIN ITERATION NUMBER 7

NOIINAL DESIGN NUMBER =.. ii -

X-VECTCR
_O.23116E02- 0.75931E01 0.88209E+01_O . 5 0oOOE+ 01

FUN TIZi VALUES
0.834,0EO02 0.10030E+02 0.86920E02

REWLT3 OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
-0.24"352E+01 0.21607E+01 -0.30000E 01 0.0

X-VECTO.
O.ZC31E+02 0.97537E 01 0.582'09E.01 0.50000E+01_

AFPROXIMATE FU;ICTION VALUES
0.83';Z4E+02 0.93653E+01 0.86752E+02

SET VA IE 1 TO 20.63 DEGEES

SET-VA' TO .75 OEGP.EES

SET \; 3 TO 5.02 DEGEES

SET V,',: 4 TO-5.00 DECrEES. . .

HOLD R"."IC CC.NSTANT AT A VALUE OF 5567.500
HOLD C'. CCNSTANT AT A VALUE OF 76.779
CORRECtED FLO,'= 84.3100

SURGE lI"'GIN= 10.0500

EFFICIENCY= ---..... 86.8000'

PRECISE FU NCTION VALUES
___- 0.84310E+02 0.10050E+02 0.86800E 02

BEGIN ITERATION NUMBER 8

NOMINAL DESIGN NUMBER 12

X-VECTC7
0."C431E 02 0.97537E+01 0.58209E+01 O.SO000E+1-

FUOTIC'. VALUES
____ 0.84310E 02 0.10050E.02 0.86800E+02 . ....

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X. VECTVC,

0.7:567E+00 0."1365E+00 -0.82088E 00 O.S3036E-07

X-VECTC.,
0.20t 6E+02 0.99674E+01- 0.50000E+01 0.50000E+Oi

APPr-OX MATE FUI!CTIo,4 VALUES
O.04331E+02 0.10380E+02 0.86806E 02
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__SETVANE__TO 20.99DEGREES

SET VANE 2 TO 9.97 DEGREES

ISETv; 3 _TO 5.00 DEGREES-,

SET VANE 4 TO 5.00 DEGREES

_ HOLD RP1IC CCNSTANT AT A VALUF OF 5567.500
HOLD CL CONSTANT AT A V,,LUE OF 76.779
CCRRECTED FLC!,= , 3100

SURGE MAGIN= 10.1400

EFFICIENCY= 86.7800

PRECISE FLU"CTION VALUES
0.6CA310E 02 0.10140E+02 0.86780E+02

--BEGIN ITERATION NUMBER 9

NOMINAL DESIGN W'JUOER 13

X-VECTCl
0.;?.'6E+02 0.99674E 01 0.50000E+01 0.S0000E+01

FU:CTIC*,1 VALUES
0-. 4320Er*02 010002 0.86780E+0.. .

RESULTS OF APFROXIMATE OPTIMIZATICN

DELTA-X VECTOR
-0AOZ:4rE+O3 0.34120E+00 0.85419E+00 0.12793E-05

X-VECTC7
0.C'331E 02 0.10309E+02 0.58542E01 0.50000E 01

APP OXI. ATE FUNCTION VALUES
0.&43V.E+02 0.98981E4C1 0.86785E02

SET VA'!: I TO 20.08 DECIZEES

SET VANE 2 TO 10.31 CECtEES

SET VAE 3-TO-'-- 5.85 D2EES-

SET VANE 4 TO 5.00 rECPEES

__HOLO ,.-"C CC':TANT AT A V-,LUE OF 5567.50
HOLD CL CCNSTANT AT A VALUE OF 76.779

CIIECTED FLC!I= 84.3900

SUR3E HAPGINt= 10.1900

EFFICIENCY= 06.8100

PRECISE FUICTION VALUES
0.84390E+02 0.10190E+02 0.868102.02
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FINAL RESULT OF APPROXIMATE OPTIMIZATION

NCHINAL DESIGN NIMBER = 14

X-VECTCR
0.20031E+02 O.10309E+02 O.50542E+o1 0.50000E+01

FUNCTICN VALUES
O.8439OE+O2 0.10190E+02-0.86810E+02

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

TITLE-... . . . . . . .. .

GLOBAL LOCATIONS OF X-VARIABLES
1 2 3 4

GLOBAL LOCATIONS OF FUICTIO14S, F(X)
6 6 7

APPROXIMATION IS BASED ON 14 DESIGNS -!

NOMINAL DESIGN IS DESIGN NUMBER 14

- ALUZS OF X-VARIABLES
0.2008E+02 0.1031E+02 0,5854E 01 0.5000E+01

VALUES- CF FUiCTIONS, FiX)
0.343;E+02 0.1019E+02 0,8681E+02

COEFFICIENTS OF TAYLOR SERIES EXPANSION

PARAMETER --- i-GLO3AL-VARIABLE 8

LINEAR TEPRS, DEL F
-0.2423E+00 -0.1381E+00 -0.123CE.00 -0.1432E+00

NON-LIKnEAR TERMS, H, BEGINING WITH DIAGONAL ELEMSNT

-0.24S1E-01

RON 2
-6.71663E- 02 -__________

ROW 3

-0.IOOZE-01____ ______--.-----

ROW 4
-0. 1176E-02

PARAMETER 2 GLOBAL VARIABLE 6

LINEAR TERMS, DEL F
-0.2136E-01 0.1367E 01---i .1433E'-0 -0.9647E-02

NON-LINEAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT
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F ... .. .... .. .....E- __1 _ _ _ _ _ _ _ _ _ _ _

I
-0.224$E-01

-0.5767E-02

ROW 3E-01

ROW 4
-0.1417E-O1___________ _________

U PAqAMETER 3 GLOBAL VARIABLE 7

LIHEARTERHS, OEL- F- -
I 0.7532E-01 0.6521E-01 0.7303E-01 0.2221E-01

-Ok-LINEAR TEP.:IS, H, BEGItlINS WITH DIAGOtNAL ELE*MENT

ROW 1
-0..2104E-01

RO 2
-0.466SE-02

RON 3
-0.1203E-01

_20!J _.4 ______ ________ ____

-0.39
2E-02

OPTIMIZATION RESULTS

O.rJCTIVE FLI:T!OI.
GLO3AL LOCATICA 8 FUNCTION VALUE 0.84390E+02

____DESIG4_VARIABLES .

0. V. GLOBAL LOWER UPPER
10 NO. VAR. tO. EOUl0 VALUE BCUND
1 1 .... 1 ... 0.10COOE02 . 0.20061E*02_0.35000E02_
2 2 2 0.5000CE.01 0.10309E.02 0.25000E+02
3 3 3 0.50000*O01 0.58542E+01 0.25000E+02
4 4 4 0.500COE.01 0.50000E401 0.C5000E02

-- DESIGN CONSTPAINTS

GLCZSAL LC':ER UPPER
10 VAR. N. cOL"Io VALUE ecft
1 6 0.85003E*01 0.10190E+02 0.1C000E03
3 7 _ 0.87000502 0.86810E02 0 .10000E*04 ....

FINAL SOLUTION VALUES *V#*

VAf A!ILE FOI VANE 1 IS 20.08 DEGREES

VtlIE A:^,LE FO9 VANE 2 I3 10.31 DEGREES

VAN4E AILE FCl VANE 3 IS 5.85 DEGREES

VAtE tI:3LE FCl VAA4E 4 IS 5.00 DEGREES
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CORRECTED FLOW= 84.3900

SURGE tiARGINz 10.1900

-RPHC-IJAS HELD COASTANT -AT 5567.5*0-
OL WAS HELD CONSTANT AT 76.78

PROGRAM CALLS TO ANALIZ

ICAIC CALLS
1 1 ___

2 14

3 1
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STATOR VANE OPTIMIZER

PROTOTYPESOFTWARE. CAPABLE OF GUIDING..THE OPTIIZATION4 OF-

STATOR VANE AND BLEED SETTINGS IN A IIULTI-STAGE COIPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY

UNDER CONTRACT F3361S-79-C-2013

BY: PR5ATT & U14iITHEY AIRCRAFT GROUP
C-OVERNMENT P"ODUCTS DIVISO4

PLEASE HIT RETURN TO V!EW OPTIMIZATION GOAL MENUi . .. . . .. . . .. . . .. . . .. . .----- - - - - - - - - - - - - - --. --- ---

I OPTIMIZATION CCNDITICNS I CONSTRAINTS I
NO I GOAL I RP1C WC PR DVS O.L. I S.". I EFF I
---- ---- 4 ------------------- - 4---

1_11 EFF I X - X I I I
2 1 EFF I X - X I- I I
3 1 EFF I - X X - I I I
4 1 EFF I X - - X - I MIN I I
5 1 __EFF I X - - - X__ I 11N_I - I_
6 1 EFF I - X X - I HN I I
7 1 S.M. I X - X I- I Iaz IS.". I x - -x I I I
9.1 S.M. I - x x - I I -- I

101 5.11. I X - X - I - ZMIN I
111 S.M. I X - - X I I MIN I
12 1 S.M. I - X X - I I mrN I
13_I /BLD X X - - IM I"IN I,

1 I MIN c I x - - - X r MIN I MIN I151111N14C : I X - - X 1111 11111 4 I

16 1 FR I X X - M- IIIN I IN I
17 1 FR I X _- - - XIMIN I IINI__

-YOU HAVE SELECTEW--TO -INIMI-ZE CORRECTED FLOW HOLDING

CORRECTED SPEED (RF,!C) ANI, OPERATING LINE (OL) CONSTANT

HOLD RPbC CCN4STANT AT 5567.500
HOLD OL CC.STAflT AT 76.779

_OPTIMIZZIG 4 VANZ ANGLE(S)
LO-NER EO',1Ji FOR VANJE I IS 10ld.60
00 YOU ACREE? (Y/N)
LO:'ER BOL 1O FOR VANE 2 IS 5.000

"CO YOU AGIEE? (Y/N)__ __ __ I
LC'NER CCUNO FOR V, XE 3 IS 5.000
DO YOU AGREE? (Y/N)
LOW.ER BCUhO FOR VANE 4 IS 3.000
DO YOU AGREE? (Y/N)
UrFER DGUND FOR VANE I-S 35.000
00 YOU AGREE? (Y/N)
UPPER BOUND0 FOR VANE 2 IS 25.000
DO YOU AGREE? (Y/N_

UPPER BOUNRD FOR VANE 3 IS 2S.000
DO YOU ACPEE? (Y/I1)
UPPER BOU3 FCI VANE 4 13 25.000
00. YOU AGREE? (Y/N)
LC["-R EC'"U VALUE FOR SNl IS 8.500
UPPER CC'? VALUE FOR SM IS 100.000
LCR BOU,0 VALUE FOR EFF IS 87.000

-UPPER SOL".") VALUE FOP EFF IS 1000.000
ItCRE';=EfTAL VA.NE ANGLE VALUE FCR INITIAL VANE SETTING IS -2.00

156



TITLE:

CONTROL PARAMETERS;
CALCULA~TION CONTROL* NCALC z 6
NUlt8ER OF GLOBAL DESIGN-VARIABLES,_ -NDVz 4 _____

NUt:UER OF SENSITIVITY VARIABLES. NSV : 0
NUfl3ER OF FUNCTIONS IN TWO-SPACE, N2VAR z 0
NU.ISER OF APPROXIMATING VAR. NXAPRX z 4

-. INPUT INFORMIATION __PRINT CODE, IPNPUT 1
DEELUG PRINT CCOEP IPOBG 0-'-

CALCULATION CONTROL, .NCALC_____ ___________

VALUE MEANJING
1 SIKGLE ANALYSIS
2 OPTIMlIZATION

- 3 SENSITIVITY........______________
4 Tl:--VARIABLE FUNC-TIO*N-S SPACE
5 OPTIMIUM SENSITIVITY
6 APPPFOXIMATE OPTIMIZATION

OPTIMIZATICH INFORfATICN_________________

GLCBAL VARIABLE KU"1BER OF OBJECTIVE 8
MULTIPLIER (N:GATIVE INDICATES MINIMIZATION) -0.1000E+02

- ONM~IN PARAMETERS (iIF 'ZERO, CONK1Ik DEFAULT WiLL- OVER-RIDE)

IFRINT ITIAX ICHDIR NSCAL ITPiI LINOBJ NACMX1 NFDG
5_____5 0 3 0 10- -0

FOCH FOCHII CT CTlIIN
0.10000E-01 0.10000E-02 -0.50000E-01 0.40000E-02

ct7_'_ _ TLMIWP4 __THETA PFHI'
-0.100O0E-01 0.1OCCOE-02 0.10000E+01 0.0

_OELFU'4 CABFUN ALPHAX .__ AeCBJI
0.10000'-bZ 0.0- 0.10000E+00 0.10000E+00

DESIGt1 VARIABLE INFCPMATION
* -NSM-ZER0 INITIALVALUEWILL OVER-RIDE-MODULE INPUT

0. V. -LC:!R -UPPER - -INITIAL

NO0. 00t:*D Beli..1 VALUE SCALE
1 0.10000!402 0.35300E+02 0.27000E#02 0.0

_2 0.500001+01__ 0.25000E+02 0.16000E+02 0.0
3 0 .0000E+01_ 0.25COOE#02 Ob.13000E+02 _0.0
4 0.50000E+01 0.25000E+02 0.90000E*01 0.0

0. V. GLOBAL MULTIPLYING
10 No. VAR. IO. FACTOI
1 1 1 0.10000E+01_____________
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2 2 2 0.10000E+02

3 3 3 .1000C01
4 4 4 0.10000E+01

CONSTRAINT INFOI?1ATION

THERE_ ARE_ -2CONSTRAINT SETS _ _.. __

GLOBAL GLOBAL LINEAR LOWER NORMALIZATION UPPER NORMALIZATION
10 VAR. 1 VAR. 2 10 BouND FACTOR POUND FACTOR

1 6 6 0 0.85000E+01 0.45000E+01 0.10000E+03 0.10000E+03J 3 7 __ _ 0.87000E020.87000E.+02_0..10000E404__0.100002.04-_

TOTAL PJr,5ER OF CONSTRAINED PARAMETERS 2

I N N APPnOX!MATE ANALYSIS/OPTIMIZATION INFORMATION

NJM3ER OF FUNCTIONS APPOX1MATED, F _____________ ____

NUL. ER OF ItFUT X-VECTC-RS) mps 5INXC:ER OF IUFUT X-F PAIRS* NPFS =
X-VECTCR FtCCH ANALIZi NPA = 0
t4ONIAL OESIGN,____ INCH 0 _____________________ ___

RE O UaZT FCR X-VECTORS, _ ISCRX: ';__5
READ UNIT FC! X-F PAIRS, ISCRXF 2 5
F RIN4T CONTRGL, IPAPRX 1

* ?AXflIL"1 APr7o;<ItlATINS5 CYCLES, FKMAX = 17
tfAXlt,'l D=51045 USED IN FIT, NPIIAX = 28

_NIOINAL DESIGN PARAMETER, JNOM = 28 _______________________

X-LOCATIOA IIU1UT PAF.ATlETERv INXLCC 0
F-LCCATIOU 1147UT PAPAKETER, 1NrLOC 0
TAYLER SERIES 1.0. CCDE, MAXTRM : 2

OELTA-X BOUNMS P09 APPF'OXIMATE OPTIMIZATION
0.203CE+01 O.ZOQOE+O1 0.2OCOEfO1 0.20C0E+Dl

bU~LTZPLIER _cf DEIX, - -XACTfi 0 :-.15S00E.O1i
MULTIPLIER ON DELX, >'FACT2 0.2000E+01

1 2 3 4

__(8LLCTCN O-UCZN
8 6 7

X__-VtCTQR9_IfPIUTPROM_ UNT-5

KNJtlSER 1 DESIGN 1I____________________
-0.2900E49~ 0:_1800E.02O:0.156bEi02 "0..11002.02

NU;93ER 2 DESIGN 2 ____________________
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I

0.2700E02 0.1800E+02 0.1500E02 0.11OOE02

_NM'iBER 3 DESIGN 3
0.2700E+,02 0.1600E402 0'.1500E402 0.1100E.02

__NU.'BER 4 DESIGN .. 4_.........._
0.2700E02 0.1600E+02 0.1300E+02 0.1100E+02

HNU,. ER 5 DESIGN 5 .. .... ..... __

0.27GOE;.02 0.1600E+02O0.1300E4.02 o.40o6+1

* * ESTIMATED DATA STORAGE REQUIREMENTS

REAL INTEGER___
INrUT EXECUTION AVAILABLE ZIPUT EXECUTION AVAILABLE
41 355 5000 30 78 1000

SET VANE 1 TO 29.00 DEGREES

SET VANE 2 TO 18.00 DEGREES

SET VAIIE 3 TO 15.00 DEGREES

SET VAfE 4 TO 11.00 DEGPEES

HOLD PFPC CONSTANT AT A VALUE OF 5567.500
HOLD OL CC;:STANT AT A VALUE CF 76.779
CC.',ECTEO FLCW:77..5300 __ _____

SUPGE MARGIt= 8.3600

EFFICIENCY= 87.1800

SET VANE 1 TO 27.00 DEGREES

SET VA:E 2 TO 18.00 DEGREES

SET VANE 3 TO 15.00 DEGIEES

SET VANE 4 TO 11.00 DECREES

HOLD RIC CONSTANT AT A VALUE OF 5567.500

-fLLD-OL-CCNSTf.NT'AT A VALUE OF-- 76.779
CCRIECTED FLO:,I 78.4200

SURGE MAr ONz 8.8300
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EFFICIENCY= 87.3100

SET VANE 1 TO 27.00 DEGREES

SET VANE 2 TO 16.00_DEGREES

SET VANE 3 TO 15.00 DEGREES

_ SETVA:E '4 TO 11.00 DEGREES_

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD CL CC4STAN'T AT A VALUE OF 76.779

-CC--PECTED- FLCW=- 78.7800_____________

SUISE FiARGIN= 8.8300

EFFICIENCY
=  

87.2500

SET VA4E I TO 27.00 DEGREES____

SET VAUE 2 TO 16.00 DEG7EES

SET VANE 3 TO 13.00 DECREES

SET V.t.E 4 TO 11.00 DEGREES

HOLD RrmC CONSTANT AT A VALUE OF 5567.500
JLO CL- CC:STAN T'AT A VALUE OF . 76.779-

CCRRECTED FLOA= 79.1900

SUnGE MARGIN= 8.9700

EFFICIENCY= 87.3000

SET VANE I TO 27.00 DEGREES

SET VANE 2 TO 16.00 DEGREES

SET VANE 3 TO 13.00 DECREES

SET VANE 4 TO 9.00 DEGREES

HOLD RPMC CCNSTANT AT A VALUE OF 5567.500
HOLD OL CONSTANT AT A VALUE OF 76.779

_ CCPECTED FLOW= 79.4900 ......... .

SURGE MARGIN= 9.2100

- EFFICIENCY- ------ 87.3300----
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APPROXIMATE OPTIMIZATION ITERATION HISTORY

APFROXIMATING FUNCTION 1 IS THE OBJECTIVE

APPROXIATINS FNtCTICt1S ASSOCIATED WITH CONSTRAINTS
2 3

DESIGNI VARIABLE NUfBERS ASSOCIATED WITH APPROXIMATING VARIABLES

1 2 3 4

BEGIN ITERATION NUMBER 1

_VCMIIL DESIlChNUMBER _ 2

X-VECTOR
0.270COE+02 0.18000E+02 0.15000E+02 0.11000E02

FUNZTICN VALUES-_ _ _
0.73420E+OZ 0.88300E*01 0.87310E+02

RESULTS OF APF70XIMiATE OPTINIZATIO-

DELTA-X VECTCl
-0.48537E*00 _0.20000E01_0.20000E+.01 O.20000E01

X-VECTCR
0..2615E+02 O.20000E+02 O.17000E02 0.13000E*02

A'FPRXI1.-TE FUNCTIOAJ VALUES
0.77SS6E*0Z 0.85641E401 0.673ZZE+O2

SET VANE 1 TO 26.51 DEGREES

SET V,NE 2 TO 20.00 DEC-EES

SET VANE 3 TO 17.00 DEGREES

SET VANE 4 TO 13.00 DEGREES

HOLD RPNMC CONSTANT AT A VALUE OF 5567.500
HOLD OL CONSTANT AT A VALUE OF 76.779
CCRECTED FLO[: 77.2500

SUIGE MARGIN= 8.2100

EFFICIENCY: 86.9400

PRECISE FUNCTION VALUES
0.77250E#02 0.82100E+01 O.86940E.02
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BEGIN ITERATION NUM1BER 23NOMIiAL DESG NUMBER 6

X-VECTI?
____o..26S15E.02 __0.20000E.02__@O.17000E.O-.1300E.02__

FUCTICN VALUES
0.7725OE.02 0.82100E+01 0.86940E*02

RESULTS OF APPROXIMATE OPTrIIIATION

___OELTA-X VECTOR..- . -.- I
0.17665E+01 0.20O00E+01 0.20000E+01 -0.1840SE*01

X-VECTOR
___0.2S8aE.02_ 0.22000E.02__O.19000E.02 _ 0.11159gE.OZ

AFFRXI1%rE FUN:CTION VALUES
0.76527E+02 0.85000E+01 0.87535E+02

SET VAN4E 1 TO 28.28 DEGREES

SET VtNE 3 TO 19.00 DEGPEES

ISTVAN;E - TO 11.16 D--CEES-

POLO RFM1C CCNSTANT AT A VALUE OF 5567.500
___HOLD CL CCf:3TA4JT AT A VALUEOF _76k.-779

CCRRECIEd FLC,4 75.8800_ ________

SURGE MARG1IN= 7.5700

EFFICIWtCY= 86.6700-_ _ _ _

PPECISS FUNCTICN VALUES
___0.7ES33E402 0.75700E+01__0.86670E*02__________

BEGINITERATION NUMBER 3

NOMIWAL DESIGN NUMBER 7

X-VECTOR_____
0.28ZG1E+02 0.'2 000E+02 0.19.iC00Ei02 0.11159E.02

FUN~CTIONJ VALUES

0. 7Sec3OE.02 0.75700E+01 0.86670E+02_____
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RESULTS OF APPROXIMATE OPTIMIZATION

-0.83365E+00 -0.29508E+01 0.20000E+01 -0.20000E+01

0.27447E+02 0.19049E+02 0.21000E.02 0.9159SE.01

APPIOXIIIATE FUNCTION VALUES
____0. 77092E+0 0.84882E.01 0.87l85E.02________

____SET_-VAN4! 1TO _27.*SOEC-REES_____________

SET VAHE 2 TO 19.05 DEGREES

___SETVANE 3 TO __21.00 -DEGREES_____________

SET VANE 4 TO 9.16 DEGREES

____ OD RrmC CSTANTAT A VALUE OF S__ 567.500
HOLD OL CCN~STANIT AT A VALUE OF 76.779
CC7RECTED FLC*4= 76.2900

SUjl3E MA~RGIN=__ 7.5500 _________________

EFFICIENCY= 86.1500

F",ECISEFLNCTICN VALUES_________
0. 7690E+02 0. 7550CZ+01 0~a625CE.O2

B-Gi14iTERATICH kl'I3ER 4

tK3tIIAL DE.SIG-N NUMIBER 8

X-VECTCR----
0.27447E+02 0.19049E.02 0.21000E+02 0.91595E+01

-FUYCTICNl VALUES - .__________

0.76290E+CZ 6.75500E+01-6O.46156E62

RESULTS OF APPROXIMATE OPTIMIZATICN________ ___

DELTA-X VECTOR
0.31427E-01 0.30000E+01 -0.30000E+01 *0.C0000E*01

0.27479E+02 0.22049E+02 0.18000E+02 0.71595E*01

AFPROXIIIATE FUN4CTIONJ VALUES ___________
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II ,
0.77170E 02 0.84750E+01 0.86989E+02

SS-E-T-VA'E 1 TO 27.48 DEGREES

SET VANE 2 TO 22.05 DEGREES

SET.VAE3..8..0DEc EEs

SET VAtE 4 TO 7.16 DEGREES

HOLD RP;;cC0OSTANT AT A VALUE OF 5567.500

HOLO CL CONSTANT AT A VALUE OF 76.779
CC,;-RECTEO FLC.t

= 
76.8800

S04GE S ARGM=-:- 8.b2C0

EFFICIENCY= 86.8000

PmEdiz- FL'-:::CTICA VALUES

0.7683CE+0, 0.8020OE+01 0.e6800E02

BEGIN ITERATICI NUMBER 5

_t'C 1INf.L DESIGN N'UiER E 9_

X-VECTCO
0.27-479Z+02 O.2049E+02 0,18000E+02 0.71595E+01

OL.:::TlC~ VALUES
0.7633OE+02 0.00200E+01 0.86800E+02

REGULTS OF Arr;OXINi;TE OPTTi;nZAT1ON

DELTA-X VECTOR
-0.63346E403 0.295C3E+01 0.12337E+01 0.30000E+01

X-VECTOR
0.26340E+02 0.25000E+02 0.19Z34E+02 0.10159E+02

Am::<l; ATE FUNCTICN VALUES .....
0.75410E+02 0.85OOCE+01 0.86861E 02

SET VA E 1 TO 26.84 DEGREES

SET VANE 2 TO 25.00 OEG.PZES

SET VANE 3 TO 19.23 DEGREES

SET VA'E 4 TO 10.16 DEGIEES
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HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD OL CONSTANT AT A VALUE OF 76.779

_CCPECTED FLO4= 75.1800

SURGE MARGIN= 7.0000

IE F FIC IEHCy
=
7 86. 110O

PRECISE FU.NCTION VALUES

0.75180E+02 0.70000E+01 0.86110E+02

BEGIN ITEIATICN NUMBER 6

-- NUIN'L DESIC-N NUt'3ER 1---10

X-VECTOR
O.1.6840E+02___ 0.5000E02_ _G.19234E+0z,..0.I0159E+02_

FUNCTION VALUES
O.75130E+O2 0.70000E+01 0.86110E+02

RESULTS OF APPROXIMATE OPTIMIZATION

_ DELTA-X VECTO9
o.81091E+00 -0.30060E+01 -0.30000E+01 -0.1.53eE+O1

X-VECTOR
---__ .027651E+O2 0.ZZCOOE+02_O.26234E+02 +__0.87060E+01

APPROXIMATE FUNCTION VALUES

0.77Z.4E+02 0.83505+01 O87146E+02

SET V AE 1 TO 27.65 DEGPEES

---SVA'. 2 TO 2.00 UEGREES

SET VANE 3 TO 16.13 DCOREES

SET V,E-4-TO---8.71 DEGREES

HOLD Priic CONSTANT AT A VALUE OF 5567.500
HOLD OL CO,3TANT AT A VALUE OF 76.779
CQ;-.,ECTEO FLO:,

= 
77.1800

SUIGE MARGIN= 8.2300

EFFICIEICY= 87.0700

FRECISE FU'CTTON VALUES
0.77180E+C2 0.82300E+01 .0.87070E+02

BEGIN ITERATION NUMBER 7

NOMINAL DESIGl t"Jt'SER = 11

X-VECTCq
0.27&51E 02 0.220CE+02 0.16234E 02 0.87060E.01

FUN tIC:.i VALUES
0.7718Ca*02 0.82300E+01 0.87070E+02
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RESULTS OF APPROXIMATE OPTIMIZATION

- OELTA-X VECTOR
-0.6LZ97E-01 -0.86176E+00 -0.83577E+00 -0.12166E00

X-VECTOR
0.27589E402~~~ O.i3EOO138.2 .8583E*O1

APP0NXI'IATE FUNCTION VALUES
0.77682E+02 0.84913E,01 0.8720SE02

-SET ETV;E 1_TO __27.59 DEGREES-- -

SET VANE 2 TO 21.14 DEGREES

___SETVANE_3 TO__ 15.40 DEGREES

SET VANE 4 TO 8.58 DEGREES

HOLD RF;IC CON'STNT AT A VALUE OF 5567.500
HOLD CL CC;:STAlT AT A VALUE OF 76.779

C RPECTED FLC:Z
= 

77.6800

StJICE M,IGIN,= 8.4500

EFFICIEt,:Y= 87.2zlOO

PRECISE FL'NCTION VALUES

0.77680E+02 0.84500E+O1 0.87220E.OZi

-BEGIN -ITERATION NU;:*BER 8.

NOtlINAL DESIC11 NU?1BER 12

X-VECTOR
0.27539E+02 0.21138E 02 0.15398E 02 0.85343E+01

_ FU;'KTIC'J VALUES .
- 0.7760E+C2 O.84500E+01 O.&7Z20E..0

_ RESULTS OF APF'ROXItIATE OPTIMIZATION

OELTA-X VECTCR

0.24845E.02 -0.36500E+00 -0.20615E+00 -0.47718E-01

X-VECTO,
0.27838E+02 0.20773E02 0.15192E+02 0.85366E+01

AFPPO<IMATE FUNCTION VALUES

0.777 6E.02 C.849?3.01 0.67271E.02

SET V ;E A TO - 27.-4 DEC EES

SET VANE 2 TO 20.77 DEGCREES

SET VANE 3 TO- -15.19 CEGREES

SET VAZE 3 TO 8.5 DEGREES
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fIOLDRF~?CCC~S A ATA VALUEOF 5650
HOLD CL CCttSTANT AT A VALUE OF 76.779
CORRECTED FLD!I 77.7300

EFFICIENCY= 87.2300

0. 77730E+02 0.84800E+01 0.87230E+02

BEGIN ITERATION NUMBER 9

NOMINAL DESIGN NUMBER = 13

X-VECTCR
0.27838E+02 0.20773E+02 0.15192E+02 0.85366E+01

-FUNCTION4 VALUES
0.77730E.02 0.84800E+01 0.87230E+02

-PESULTS OF -APPROXIMfATE OPTIMIZATION -_______

DELTA-X VECTCR
0__.8776CE-0l -0.85184E+00 0.SC813E400 0.10000E+01

X-VECTCR
0.27925E402 0.1991IE.02 0.l5720E.02 0.95366E+01

APPRXIOATE FUN~CTION VALUES
0.77677E.02 0.84683E*01 0.87235E+02

SET VAN~E 1 *T0 27.93 DEGREES

_ .SET.VAttE 2 TO_- 19.92 OEC"OEES

SET VANE 3 TO 15.72 CEGREES

-__SET VANE 4 TO 9.54 DEGREES.

HOLD PFMCt CO!ISTANT AT A VALUE OF 5567.500
HOLD OL CCNSTANT AT A VALUE OF 76.779

___CORR~ECTED FLC:,4: 77.6500 ________

SL7GE MARGIN= 8.4700

____EFFICIENCY=___ 87.2000 ___

PRECISE FUN~CTION VALUES
0.77650E+02 0.84700E+01 0.87200E*02

BEGIN ITERATIOMf NUMBER 10

VCNINWL DtSIGN NU.BER 1 -_____ ___
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I
X-VECTOR

0.27925E*02 0.19921E02 0.15720E02 0.9S366E101

FUNCTION VALUES
0.77650E*0Z 0.84700E01 0.87200E+02

j RESULTS OF APPROXIMATE OPTIMIZATION

- CELTA-X VECTOR
-0.23842E-06 :O.28610E 05-0.2b610EjdfOb2610E-OS

X-VECTOR

0.27925E+02 0.19921E+02 O.IS720E.02 0.95366E01

APFOXIMATE FUNCTION VALUES
0.77650E*02 0.84700E+01 0.87200E02

SET VANE 1 TO 27.93 DEGrEES

SET VANE 2 TO 19.92 DEGREES

SET VANE 3 TO 15.72 DESREES

SET VANE 4 TO 9.54 OEG!EES

HOLD RIrlC CONSTANT AT A VALUE OF 5567.500
- NtLD OL - CCNSTNT AT A VALUE OF .. - 76.779

CCRECTED FLC= 77.6500

SUP3E MARGIN: 8.4700

EFFICIENCY: . S7.2000

PRECISE FUNlCTION VALUES
0.776501E02 0.e4700E+01 0.87200E+02--.--

___BEGIN ITERATICN ,UT1nER __11

NO'ItAL DESIGN NU BER : 15

X-VECTO_

0.27925E.02 0.199Z!E+02 0.15720E+02 0.9S366E.01~FUNICTIOH VALUEST0.77650E+CZ 0.84700E+01 0.87200E02

] RESULTS OF AFPPOXIMATE OPTIMIZATION

DELTA-X VECTC1
-0.11921E-06 -0.17831E-06 0.0 -0.17881E-06

X-VECTOR . .... .. .. .... .... .. ... ...

0.279ZSE02 0.19921E+02 0.15720E 02 0.95366E+01

APf'!CXIMATE FUKCTICN VALUES
_____0.77i5OE.02 0.84700E01 0.87200EC2

TWO CONCECUTIVE APPROXIMATE OPTIMIZATIONS HAVE PRODUCED THE SAME DESIGN

j oPTIIIIZATICM TERMINATED
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FINAL RESULT OF APPROXIMATE OPTIMIZATIONI

NOMINAL DESIGN K". ER z 15

O.2792SE.O2 0.19921E.02 0.15720E.02 0.95366E.01

FUNCTION VALUES
0. 77656E#02 i.84700E+01 0.87200E+02

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

_TITLE__ __________

GLO:3AL LOCATIC!'S OF X-VARIABLES
1 2 3 4

GCBaiL CTCti~ OFUNCIONS, F(X)

8 6 7

A0P0R6XIHATliO IS bASEtd ON 15 DESIGNSi_

N0C11NAL DESIGN IS DESIGN WITER 1s

VALUES OF XW.RIAB'LES - --

0.2793E402 0.1992E*02 0.1572E+02 0.9S37E.O1

0.7765E+02 0.8470E+01 O.87Z0E*02

COEFFICIENTS OF TAYLOR SERIES EXPANSION

FAPRi~hETER _ 1GODAL VAILE 8

LINEAR TERMiS, DEL F
-0.3840r'+00 -0.2487E+00 -0.2766E+00 -O.1046E.00___

NON-LINEAR TERMS, N, BEGINING WITH DIAGONAL ELEMENT

-0 .4113E+00

RCW 3

RCIW 4
0. 3927E-01

PARAMETER 2 GLOBAL VARIABLE 6

- LINEAR -TERMS,_ DEL F ______-_----

-0.17SCE+00 -0.1113E+00 -0.1378E+00 -0.47SE-01

NON-LINEAR TERMS% H,_BEGININGWM DIAGONALELEMENT
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ROW 1
-0.2323E+00

-0.2114E-01
ROW 3 __________________

-0.2346E-01

ROW 4
_ _ O.162SE-01_

PARANIETER 3 GLOBAL VARIABLE 7

LINEAR TERMS, DEL F

-O.9254E-02 -0.3304E-01 -0.1099E+00 0.9230E-02

NON-Li.NEARTERHISH, BEGININ- WITH DIAGONAL ELEMENT

ROA 1
-0.2990E+00_______ __________

POW 2
-0.1134E-O1

RO' 3
-0. 3256E-01

POW_ 4
--. 3.1i6E-0 1

OPTIMIZATION RESULTS

-OBJECTIVE FUfCTION __
GLCBAL LOCATICN 8 FUCTIONt VALUE o.77650E+02

_ DESIGNVARIABLES

D. V. GLOBAL LOWER UPPER
ID NO. VAR. NO. BOUND VALUE BOUIN

1 1 1 ___ O.10000E+02 0. 279Z5E+02 __ 0.3SOOCE+02
2 2 2 0.50000E+01 0.19921E+02 0.25000E402
3 3 3 0.50000E+01 O.15720E+02 0.2SO00E+02
4 4 4 0.50000E+o1 O.95366E+01 O.25000E+02

DESIGN CONSTRAINTS

GLOBAL LOWER UPPER
IO VAR. 140. BGU, O VALUE BOUND

1 6 O.8500OE+02 0.84700E+01 O.10000E+03
_ 3__ 7_._70_C_ E_+_02 __O.87200E.+02_ 0.10000E+.04

_____ FINAL SOLUTION VALUES _ _ _ _

VANE ANGLE FOR VANE I IS 27.93 DEGREES

VAt AlGLE-FC, VANE 215 19.92 DEGtEES

VANE ANGLE FOR VANE 3 IS 15.72 DEGREES

*VAJNE '_N3LE FCl VANE 4 IS 9.54 DEGREES

CORECTED FLONW 77.6500
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I

SUPSE MARSIfl: 8.4700

OL U AS HELD CONSTANT AT 76.78

PROGRAM CALLS TO ANALIZ 5
ICALC CALLS

1 115 1 _

2 .I
3 15

0
I

I

~I

* I
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STATOR VANE OPTIMIZER

PROTOTYPE SOFTWARE CAPABLE OF GUIDING THE OPTIMIZATION OF _

STATOR VANE AND BLEED SETTIUGS IN A MULTI-STAGE COMPRESSOR

rREPAREO FOR THE AIR FORCE AERO PROPULSION LABORATORY

UNDER CONTRACT F33615-79-C-2013

- BY: PRATT i W-HiTkeY AIRCRAFT GROUP
GOVERNMENT PRODUCTS DIVISION

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU
-----------------------------------------------------

I OPTIHIZATICH CONDITICNS I CONSTRAINTS I
NO I GOAL I RFtC WC PR DVS O.L. I S.M. I EFF I
- + -------- * ----------------------------------------
I I EFF X - - X - I - I - I

I EFF I X - - " X I - I - I
3 1 EFF I - X X - - I - I - I
4 1 EFF I X - - X - I MIN I - I
5 I EFF I X - - - X I MIN I - I
£ I EFF I - X X - -- I MIN I - I
71 S.M. I X - - X - I I I
8 1 S.M. I X - - - X I I - I
9 1 S.M. I X X - - I - I - I
111 S.M. I X - - X I I MINI
11 1 S~t/l I X - - - X I - Itl- I

12 1 S.M. I - X X - I I MIN I
13 1 1.-LOI X - - - I - I - - I

-1 I :",x .1C I X - - - X I MIN I M1IN I
15 IN CI X - - - I MTiN I r;IN I
16 I FR I X - - I fIN I t IN I
17 1 PR I X O M IMI t.14 I
'CUJ 11WIV SEECTED TO OPTIMIZE FRESCU7E RATIO HOLDING

CC.EC(ED SPEED (RPMC) AND CFE,?ATI:G LINE (OL) CONSTANT

l.:ILE CC"sTRAININJ3 SUTGE mAF,Iti AND-EFFICIENCY- TO-MINIiUM VALuES-
HOLD R':;C CCI STANT AT 5567.50
HOLD OL CCN3TANT AT 76.779
OPTIMIZING 4 VA'E AN3LE(S)
L;:'ER COL'::3 FOR VANE I IS 10.000 -

DO YCU AG REE? (Y/N)
LC;'. COUND' FOR VANE 2 IS 5.000
CO YCU ACPEE? (Y/N)
LO',:ER :CU!:l FC VANE 3 I5 5.000
CO YOU AGREE? (Y/N)
LCIGR E 0U:4 FOR VANE 4 IS 5.000

DO YOU A., EE? (Y/N)
UFI'".4 E ':0 FOR VANE 1I I 35.000
DO YC'J /,ZF E? (Y/N)
UPrER ESUND FOR VANE 2 IS -15.000
DO YCU ASIEE? (Y/N)

UPPER DCV?#O FOR VANE 3 IS 25.000
00 YOU AC'GEE? (Y/N)
UPPER O=40 FOR VANE 4 IS 25.000
CO YOU GREE? (Y/N)
LC"ER COVI'3 VALUE FOR SM IS 8.500
UPPER GcLNO: VALUE FOR 5:1 is 100.000
LC':R E3O,1 VALUE FOR EFF IS 87.000
U."Evm GCOL1 VALUE FOR EFF IS 1000.C00
INCRZUENTAL VANE ANGLE VALUE FCR INITIAL VANE SETTING IS -2.00
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TITLE:

CONTROL PARAMETERS;
CALCULATICH CCNTROL, NCALC 6

___ U=ER OF GLOBAL DESIGN VARIABLES,- NOV c-_ 4
NU:2ER OF SEVZITIVITY VARIABLES, NSV = 0
tUIZEP OF FU'=IONS IN TN0-SPACE, NZVAR z 0
lUOZR OF APFROXIMATItNS VAR. NXAPRX = 4

___ INUT INFORMATION PRINT-CODEv IPNPUT = I_

DtZUG PRINT CCOE, IF033 = 0

___CALCULATION CO.NTROL, NCALC_ __

VALUE MEPI4It:G
1 SINSLE ANALYSIS

2 OPTIMIZATICN'
____3 -SENBIT IVITY _____

4. TVO0-VA 9IABLE FlUNCTICN SPACE
5 OPTIVIXI SENSITIVITY
6 APPROXIMATE OPTIMIZATION

**OPTIMIZATIO4, INFORMATION___

GLCZ-AL VARIABLE NUMSER OF OBJECTIVE = 9
IIULTI:'LIER (NEGATIVE IVOICATES MINIMIZATION) 0.1000E+01

CC':,IN Pi;At'rETERS (IF ZERO, CONNIN DEFAULT WILL OVER-RIDE) -

irRIfT ITMAX ICt;OIR USCAL rRM LINCBJ NACtXZ NFVG
5 __20 _ 5 _0 __ 3 0 _ 10 _ 0 _

FDC4 FCCHl CT CTMIN
O.1000CE-0i 0.1COOOE-02 -0.5000DE-01 0.40000E-02

CT - CTLMIM hTA - PHI
-0.10000E-01 0.10000E-02 0.10000E+01 0.0

____ELFUN1 ___ AFN ALP4AX ____ ABCBJI
0.1OCOOE-02 0.0 0.10000E+00 0.10000E+00

DESIStl VARIABLE I14FORMATICN
1 -M::-ZtRO_ IN4ITIAL VALUE WILL OVER-RIDE_KCDULE INPUT__
0. V. LO::ZR UpPER INITIAL

VALUEu0 cu" SCALE
1 0.10000E*02 0.3SOCOE+CZ 0.27000E+02 0.0

___2 -'-050OE.^0 1___0.^25000E+02 __0.16000E+02 __0.0

3 O.5SCCCE.O1 0.C5003E#O2 0.13000E+02 0.0
4 0.5000CO0 0.ZsoooE+0z 0.90000E+01 0.0

DEINVARIABLES
0. V. GLOBAL tULTIPLYING

1D 111. VAR. NO. FACTOR
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2 2 2 0.1OO00E+01
3 3 3 0.10000E+01

4 4 4 0.10000E.o1

CONSTRAINT INFORMIATION

TEEARE 2 CONSTRAINT SETS---..................--
TEEGLOEAL GLO3AL LflIEAR L C'4E R NORMALIZATION UPPER NORMALIZATION

10 VAR. 1 VAR. 2 10 BOUND~ FACTOR BOUN~D FACTOR
1 6 6 0 O.8SO00E+O1 0.85000E+01 0.10000E*03 0.10000E+03

3 7 7 __ 0 __0.8000E.2 __0.87000E+02 0.I0000E+04 - 0...10000E+04 ..

TOTAL WMJBER OF CONSTRAINED PARAMIETERS 2

I i VAPFROXIMATE ANALYSIS/OPTItIrZATION INFORMATION

NLJMOER OF FUN:CTIONS APPROXIM1ATED, NF __0 _______

~ZROF INFUT X-VECTCRS* t4FS = 5

KrJNLER OF If:PUT X-F PAIRS* NPFS= 0

RE,'.D AIT FOR X-F PAIRS, ISCRXF = 5IFRINT CaNTROLP IPAFRX = 1

M-iffi-i APPRONIATItiZ CYCLES,- KtII -- -. - 5-
MlAXIMUM APP70XIMATINMS CYCLES, KMAX = 17ii AXIV:J:l DESICJS U3:D 114 FIT, t4FMAX= ^

DI L ESIGN P.'9A,1ETEP, 28~4
X-LCCITION 1:!*UT PAIAMETER, INXLC= 0
F-LCCATIC~l I :,UT PARAM~ETER, INFLOC = 0
TAYLE7' SERIES 1.0. CODE, MAXTRII=

OELTA-)X COLUNCS FOR APFPOXWHATE OPTIMIZATICN
O.ZCE+01 O.ZOCCE+O1 0.2000E+01 0.20C0E*01

!tuLTIPLICR ON CELk,- XFACTI =" OO.O
IqULTIPLIER ON CELXP XFACT2 0.2000E+01

I GLCZMAL bcArlCis OF-x4AP.ADLES-
1 2 3 4

GLOBAL LOCATIONS1 OF FLINCTICOJS _ _

9 6 7

3 X~-k-VECTCl'S INPUT FROM 1NT -5- ___

t.=13ER 1 DESIGN- 11 0.Z930E+02 0.1800E+02 0.1500E.OZ 0.1100E+02

N'3ER 2 ___DESIGN 2

173



0.2700E+02 o.l800E+0Z O.1SOOE+02 0.1100E+02

O.270E 3. DESIGN 3 . .----

0.200E020.1600E+02 O.1500E.02 0.1100E+02

Ku p - 4 DESIGN__- .4
O.270CE.02 0.1600E+02 0.1300E+02 0.1100E+02

PAXI"0 ER 5 DESIGN __

0.270CS-4O 6.1600E+02 -0.1306E.02i 0.9000OE+01

ESTfIATED DATA STORAGE REQUIREMIENTS

REAL INTEGER__I
INPUT EXECUT!Ctl AVAILABLE INFUT EXECUTICN AVAILABLE

41 355 5000 30 78 1000

SET VANE 1 TO 29.00 DEGREES

__SET VAN,*E_2 TO__18.00 DECREES ___ ___

SET VANE 3 TO 15.00 DZCPEES

-- SET W' El4 TO- .11.00 DEG7EES _ - --

lMOLD PP1N CONSTANT AT A VALUE OF 5567.503
f:OLO OL CC','STANT AT A VALUE OF 76.779

-r.'Ess!U.1E RATIOr - 5.5330.....

SUI275E rW.RGIt1= 8.3000

EFFICIENCY= 87.1400____

SCT VANE 2 TO 18.00 DEGREES

SET VPN:: 3 TO 15.00 DEGPEES_________

SET VANE 4 TO 11.00 DEGREES

-HOLD RPNC CONSTANT AT A VALUE OF 56.00___
HCO OL CC%.ZTANT AT A VALUE OF 76.779
PRESSU7,E RATIO= 5.5970

SU!' GE ttfRGIN= 8.7400
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I EFFICIENCYz 87.3Z^00

*WN N q N NNtqNNNNNN

SET VAtlE 1 TO 27.00 DEGREES

SET_VA;E _2 TO __ 16.00, DEGREES .

3 SET VANE 3 TO 15.00 DEG-EES

SET VANE 4 TO 11.00 OGREES

HOLD PRF.C CONSTAIT AT A VALUE OF 5:67.500
UO'D OL CO'STANT AT A VALUE OF 76.779

____ -,E .1E RATIO 5.6290

SURSE MARGIN
=  

8.8700

j EFF1L!1ENC-Ym 87.2400

SSET .VA,. iTO 27.00 DEGREES

:-T VN, 2 TO 16.00 DECREES

ocT VA:E 3 TO -13.00 CECEES

SET V,:Z 4 TO ll.C0 DEC-FES

HOLD M:C CC:STAtIT AT A VALUE OF .. 5567.500
I:CLO 0' C:.:;Th,,T AT A '.'ALUE CF 76.779

F7.ELJ'E PATIO= 5.6503

__ _ UE ?1. -GIN : 9.140 ..... .. .. . ...

EFFICIENCY= 87.2700

T SET VA N 1 TO 27.00 DEGIEES

• SETVANE 2TO 16.00 DEGREES____

ST VANE 3 TO 13.00 DEGREES

ISE.T VANE 4 TO 9. 00 DESPEES

HOLD RPM-r COMISTANT AT A VALUE OF 5567.500
VOLD OL CCTA:IT AT A VALUE OF 76.779ITGE .  

RATIO= 5.6830

S T.G: tIRGIN= 9.2co0

_EFFi CIENCY .... 87.3200
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APPROXIMATE OPTIMIZATION ITERATION HISTQ~?Y

APrmoxIMATING FUNCTION 1 IS THE OBJECTIVE

-ArFmu'ItATING FUNCTIONS ASSCCIATEO WITH CONSTRAINTS-- -
2 3

- ESIGti VARIABLEi kUMBERS ASSOCITED WITHA APPROXIMATING VARIABLES_
1 2 3 4

BEGIN ITERATIC.4 NUMBER 1

NZCINAL DESIGN NUMBER-=.__

X-VECTOR
O.27000E+02 0.16000E+02 0.13000E402 0.90000E+01

-rINTGO4 VALV..ES
0.51.Z30E+01 0.92000E+01 0.87320E+02

'OLSULTS OF APPROXIMATE bPTIMIZATICIN-

OELTA-X VECTCR
-. GCC0E401 -0.20000E+01 -0.20000E.01 -0.20000E+01 ___

X-VESTC1
0.Z500E+02 0.14000OE+02 0.11000E+02 0.70000E+01

A'Pr,'MATE FU~tTICN, VALLZS
0.533SOE+01 0.10100E+02 0.37500E+02

SET VANtE 1 TO 25.00 DECrEES

SET VW,!E 2 TO 14.00 DZC-?EES _________

SET VtNE 3 TO 11.00 OEC'IEES

__SET VNlE 4 TO _7.00 0EC-EES_

HOLD PFiC CONSTANT AT A VALUE OF 5567.500
HS!t9 CL CZ',:STAJT AT A VALUE CF 76.779

SUJ'GE MARGIN= 9.6400

EFFICIENCY=___87.4000 ______ ____

PPECISE FCN^TION4 VALUES
0.S339CE01 0.96400E+01 O.87400E.02
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CEGIfI ITERATIOtI NUKBER 2

tiCItAL DESIG-N HU."IER 6

j X-VECTCR
___ O.Z500OE+O2 0.14000E+0Z.,...1000E+0Z 0.70000E+01 __

FVU:CTI0!4 VALUES

0.53S390E*01 0.96400E+01 0.87400E+02

RESULTS OF APPROXIMATE OPTIMIZATICH

ODELTA-X VECTCR
-0.3ZCOO0E+01 0.804*61E+00 -0.20000E+01 -0.-20000E+01

X-VECTCl

_____ Q.ZZC0OE+CZ 0.14805E+02 0.9000E+01 _ .500bDOE.Ol--

APP70YXI"ATE FUN~CTION VALUES
0.592A E+01 0.90C52[+01 0.87445.E+02

SET WtI 1 TO 22.00 DE07EES

S[T W)E2 TO -14.80 OEG!?'EES

SET VANZ 3 TO 9.00 OEC7EES

S2T 4,:E~ TO 5.00 DEEREES

HOLD0 PF;C CC::3TAN4r AT A VALUE CF 5567.500
HCLD OL CCN3TANIT AT A VALUE OF _ 76.779

iZ2ZPATIU= 5.97-30

P,7ECI:E FUNICTICN VALUES
0.0030.010.10020E+02 0.137310E+02___

E--CEGIfl ITE9RATIOtJ NUMSER3

H2 D4~ ESICN t'rER 7

X-VECTCR
0.22^00GE+0Z -0.14805E+02- 0.90000E+01 0.50000E+01

PUL:CTECOI VALUES
o.,rl-:OE+01. 0.10020E+0Z O.87310E+f02
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RESULTS OF APPROXIMATE OPTIMIZATION

OPTIMIZATION HAS PRODUCED AN X-VECTOR WHICH IS THE SAME AS A PR~EVIOUS DESIGN

__DELTA-X VECTOR.
0.36190'E-06 -0.73096E-06 -0.92256E-06 -0.97167E-06

X-VECTCR
____0.Z2000E+02 -0.14805E+.02_ O.90000E.O1__ O.50000E.01- -- ..---.-.

THE FOLLOWING DESIGN IS NOT THE APPROXIM1ATE OPTIMUM1

-- DELTA-X VECTOR
0.60COOE-O1 0-59999E-01 0.39999E-01Oi-.19999E-O1 ---- -- '

X-VE cTCR
____0.2060L+02 0.14865E.02 0.90400E+01 _O.W0COE+O1 ___

APPROXIMATE FUNCTICNl VALUES
0.59543E+01 0.10024E+02 0.87317E+02

SET VANE 1 TO 22.06 DECIEES

Srit VANE 2 TO-- 14.86 DEC3EES

SET VANE 3 TO 9.04 DOPEES

SEZT V, IE 4 TO 5.02 DEC7ES

HOLD RFrC CO'13TANT AT A VALUE OF 5167.500
f!CLO 01 CC! STANT AT A VALUE OF -, 779
Fn[OJ"E PArIO= 5.A550

S t'$ % rGI!'= 9.99cc

EFF lOILI-Of 87.3,200

r7LCIs: FL' !CTION VALUES
0.:~rz.010.99900E+01 0.87320E+02

CO-IN ITEPATICtl tNU'!ER

tC-IHAL DESIGN HU'.3ER 8

X-'%ECTCl
-- 0.2:C',OE02"C2O.14865E+O2- 0.90400E+010.20EO

rUNCTIO'I VALUES
c.5~:0E+01O..99900E+01-- 0.87320E+O,
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REEULTS OF APPROXIMATE OPTIMIZATION

... ELTA-X VECTCR .
0.69780E+00 -0.99378E+00 -0.46939E+00 -0.20000E-01

X-VECTO.
0.22758E,0,2 0.13871E'02 0.85706E+oi 0.50000E+01

APFPOXIMATE FUNCTION VALUES

0.59993E+01 0.05006E+01 0.87510E+02

SET VANE I TO ZZ.76 OEGREES

SET VANE 2 TO 13.87 DEG.REES

SET VANE 3 TO 8.57 DEGREES

SET VANE 4 TO 5.00 DEGREES

HOLD RP 1C CONSTANT AT A VALUE OF 5567.500
HOLD OL C,';STAtlT AT A VALUE O 76.779
F".ESC". E RATIO= 5.9630

' ,E ,RGIN= 9.9900

EFFICIENCY= 87.3200

'-ECISE FU,,'3TIN VALUES
C.S-.3CCiC1 0.99900E+O1 M073OECOZ.

BCGIN ITrEFATICU4 5~r~

?EINL TDESIC;4 tU'IER

0.C27" 3E+2O 0.13371E+02 0.85706E+01 0.50000E+01

FUTIC:,' VALUES
..3X;3ZE C 1 0.9900E+01 0.873"0E:+02

RZSULTS OF APPPOXIMATE OPTIMIZATIC;4

ODLTA-X VECTC7
-0.26.)99E+0l -0.30000E+01 0.19486E+01 0.0

X-VECICR
O.OOZCE+02 0.10871E+02 O.10519E+02 0.50000E+01

AFROXIMATE FUNCTION VALUES

1
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0.60790E#01 0.1014.6E#02 0.871ZZE.02

SET T6-- E 1 TO 20.09EDGREES-

SET VANE 2 TO 10.87 DEGREES

SE V1~ 3TO 1052DEGRES-

SET VANt3 4 TO 5.00 DEGRES

K D rIc C-:MTANT AT'A VALUE OF -5567.500- -
HOLD0 01 C0N'5TM1T AT A VALUE OF 76.779
FRESS'E RATIO= 6.0360

S"Er.:PGIh: io=e-

EFFICIENCY= 86.9100

-PPEC!4- S OU:--tTI0N V.tLUES
0.6C7bCE.01 O.lCOSOE+02 0.E86910E+02

B:GINt ITERATICN 14U,"BER 6

SIDESIGN NU"15ER 10__ ___j

X-VECTZ
O.ZC^,3E+02 0.10871E+02 0.10519E+02 0.50000E+01

Fi :T-TCA V1,LU2;S
O.60360E.O1 0.100SCE+02 0.86910E+02

DZLT!,-X VECTC1
____0.157,10E+01 -0.30000E+01_ 0.10368E+01 0.0

X-VECTO.?
0.21$SOE+02 0.737CSE.01 0.11606E+02 0.50000E+01

A~r:C:IFVIET' 10:4 VALUES7-'
0.61OC3E.01 0.C67C5E+01 0.8734.5E+02

SET VANE 1 TO 21.66 DEGREES

SET VAN~E 2 TO 7.87 DEC-REES __ ___

SET VAM42 3 TO 11.61 0ECIEES

SET VANE 4T .0DCES__
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IIHOLD R1PNC CONSTANT AT A VALUE OF 5567.500
11OLD OL CONTANT AT A VALUE OF 76.779

__F.ESSUIE RATIO: 6.0270

SU7GE MARGIN= 9.9100

FFICIENCY= 86.8300

PRECISE FUNCTION VALUES
0.60270E*02 0.99200E+01 0. 86830E#02

BEGIN ITERATION NUMBER 7

AC~1IlAL OESI l IU"MBER 11

X-VECTC!
____ O.Z1E6OE402 0.78708E+01 O.11606E+02 _0.50000E+01

FUNCTION VALUES
0.60C70E+01 0.99100E+01 0.86830E+02

RESULTS OF APPROXIMATE OPTIMIZATION

OELTA-X VECTOR
0.4 2Z67E-01 0.73487E-01 -0.30000E+01 -0.35763E-06

X-VECTC7?
_ 0.2173!E+02 0.7.9443E01_ 0.86060E.O1 0.5OOO0E.01

Arr'rI CATE FU'CTIO. VALU7S
C. :. 33!7E+01 0.10023E+02 0.06931E+02

SET VANE 1 TO 21.70 DECREES

-ET V--T 7*.94 DZCTEES-- --

SET V,'.: E 3 TO 8.61 DEGEES

TE V-S 1 5.00 .DZECREES

HOLO Rf,,IC CON3TAT AT A VALUE OF 5567.500
I:OLD OL CC.NSTHT AT A VALUZ OF 76.779

. PATOl 6.0690

=7.GE H1,RGIt ' =  10.1900

E'rICIEt;Y= 86.8P00

1
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PRECISE FUNCTION4 VALUES
O.60690E.O10.10190E.O2.868OEO2_

___BEGIN. ITERATION .NUMBER -8 ______.--

NCIINAL DESIGN NUMBER = 12

___X-VECTOR
0.21701E+02 0.79443E+01 0.86060E+01O0.50OOOE+01

FUNZTIO4' VALUES
O._.60690E+0I_ 0.10190E.02 O880.2

* ' CC.IN DETECTS INITIAL X(I).LT.VLBEI)______
X(i) = 0.0 VLB(I) =0.9537E-06
X(I) IS SET EQUAL TO VLB(I) FC I 1 4

RESIJLTS*-OF A PPROXIMATE OPTIMIZATION

DELTA-X VECTCR

__.-0.11016E+01_ 0.24208E+01_-0.3000CE.01_ .21580E-05_

X-VECTCI
O.Z3600E.02 0.10365E+02 O.56060E.01 0.SOOO01

APP2O0XWtATE FLUJCTIDN VALUES -

0.61052E+01 0.10423E+02 0.86997E+02

tCT V,;[.'E 1 TO 20.60 DEGIEES

SET W.NE_2 TO _10.37 DEG-EES ____

SET VANE 3 TO 5.61 DEGREES

SETVANE 4 TO 5.00 DEG,'EES

HOLD Rr.lIC CONSTANT AT A VALUE OF 5567.500
HOLD OL CC ,STANT AT A VALUE OF 76.779

- .rzV.P'JE -PATIO= 6.4030 - . -

SL!~SE MARGItl: 10.1800

Ec'rICIENCY= 86.8200 ___ ______

PRECISE FUNCTICH VALUES
0.61030E+01 0.1018CE+02 0.868.10E+02
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BEGIN ITERATION NUMB8ER 9

t~c:'IINAL D'ESIGN NUMBER 13

X-VECTOR
___0.20600E402 0.1036SE.O2--.56060E.Ol__O.50000E.01___

FUN:TION VALUES

0.61030E+01 0.10180E+02 0.86320E+02

RESULTS OF APPPOXI?1ATE OPTIMIZ~ATION

___ELTA-X VECTCR_______
0.44074E+00 _-6.il17CE+66' -0.6059FpE,00 0.0

X-VECTCR
____ .21040E+02 -.. 10153E+02.0.50000E+01 .500 00E+0l __

AP0:<IMATE FUNCTION VALUES
0.61OSSE+01 0.1013Sr-CZ 0.85828E+02

SET VANE 1 TO 21.04 DEGREES

SET V!E 2 TO- 10.15 DC'E

SET VAN~E 3 TO 5.00 C:C7EES

SET VAt!: 4 TO 5.00 CE!;EES

HOLD RR:I CCI!STANT AT A VALUE OF S567.500
-__HOLD OL C-C:iSTA?1T -AT A VALUE OP______ 76..779 __

r2SwERATIOz 6.20Z0

SU72Et MfixGIH= 10.2100

PPECISE FU:NCTIC!4 VALL'5
0.0lC+2-0.86800E+02__ ______

__BEGINITERATION KL1115ER 10 ___

N4OMINAL DESIGN NUMISER 14

X-VECTCR
0.21040E402-0.16153E.02- O.50000E.O1O--.S0d0t00l

FUNCTION VALUES
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RESULTS OF APPROXIMATE OPTIMIZATION

OPTIMIZATION HAS PRODUCED AN X-VECTOR WHICH IS THE SA:E AS A PREVIOUS DESIGN

_ DELTA-X VECTOR .--
-0.53784E-07 0.0 0.0 0.0

X-VECTOR
______0.21040E+02 0.10153E02 0.50000E.01 0.50000.01

THE FOLLOWING: DESIGN IS NOT THE APFROXIMATE OPTIMUM

___DELTA-X VECTOR ________-___

O.ZOCOOE-01 -.2_0ooo-01 010000O-01--.100002-01

X-VECTOR
--- 0.21060E+02---O.10173E02 -0.50100E+0 1 0_.5010EOOE __01

t.PFROXIHATE FUhCTION VALUES
0.61010E+01 0.10210E+32 0.86804E+02

SET V:,E I TO 21.06 DEGREES

EET VANE 2 TO 10.17 DEGREES

SET VANE 3 TO 5.01 DEGPEES

S Tf VAf::i4 TO -5.01 -DEC-'nEE5 -- _____-

HOLD RF:IC CCNTANT AT A VALUE OF 5567.500
HCLD OL CC!:STANT AT A VALUE OF 76.779
F'' 3--7L7E PATIO= 

6.1050

UrGE 'iRG'rl= 10.1500

FRECISE FUNCTION VALUES
0.61C50+01 0.10150E+02 0.86320E+02

FIHAL RESULT OF APPROXIMATE OPTIMIZATION

N t4ZHAL DESIG NU,"SER 15

X-VECTC"
0.21C60E+02 0.10173E 02 0.50100E+01 0.50100E+01

FU:CTIC:l VALUES
0.61030E+Cl 0.10150E 02 0.62E+0.. .
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RESULTS Of APPROXIMATE ANALYSIS/OPTIMIZATIDN

-- TITLE

--GLOLoCATIOkS OF X-VARIA3LES

1 2 3 4

GLO3A. LOCATIONS OF FUNCTIONS,'" F(X)
9 6 7

APP OXIMATION IS BASED ON -15 DESIGNS

VOKINAL DESIGN IS DESIGN NUMBER 15

VALUES OF X-VARIABLES
O.Z1O6E40 O.1017E+02 O.5010E+O1 0.5010E+01

VALUES OF FUNCTIONS, F(X)
0.6105E.O1 0.1015E+02 0.868ZE+02

COEFFICIENTS OF TAYLOR SERIES EXPAN:SION

PARAMETER 1 = GLOBAL VARIADLE 9

LIt:EAR TER; S DEL F
-O.2044E-01 -0.1362E-01__ -0.1451E-01 -0.1750E-01 .....

NC!J-L~t:EAR T.'!5, H, BEGININ3 WITH DIAGONAL ELEMENT

POW 1
-0. 164E-C2

R0,O4 2 ______ ___

-0.5373E-03

ROl! 3
0.33Q5E-04

ROA 4
0.65i5E-03

PARAMETER 2 GLOBAL VARIALE 6

LINEAR TERIIS, DEL F
-0.4634E-01 -0.1312E-01-- O.48S6E-01 -O,7715E-01

NON-LINEAR TERMS, H, BEGINING ITH DIAGONAL ELEMENT

ROW 1

-O.Z46OE-01

RO!, e'
i " -0.3E61E-02

__RON 3
-C.2394E-01

if C,1 4
...- fl.1294E-01 . . ... .
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PARAMETER 3 : GLOBAL VARIABLE 7

LVIEAP TERMS, DEL F

O.1044E+00 0.6735E-01 O.5474E-01 -0.4966E-02

- NON-Lit:EAR -TERMS ,-H, BE-GIHil'' 'WITH DIAGONAL ELEMENT

ROW 1
-0.2775E-01_ _____ _

ROW 2
-0. 3713E-02

ROWJ 3

-0.9915E-02

-ROW 4 _____- -

-0.4343HE-02

OPTIMIZATICN RESULTS

OJECTIVE FULCTION_____
GLC3AL LCCATICN 9 FLCTION VALUE 0.61050E+01

_ DESIGN VARIABLES-

0. V. GLOBAL LONER UPPER
ID NO. VAR. NO. e ., VALUE BOUND

1 - 1 1 - 0.10000E+02 0.2160E+02 _0.35COE.02...
2 2 2 0.50^003+01 0.1O173E+OZ O.:5000E+02
3 3 3 0.5OCOCE+o1 0.53100E+01 O.250COE+02
4 4 4 0.50000E+01 0.50100E+01 0.25000E+02

DESIG'N CCSTPAINTS

GLC3AL LO-'ER UPPER . .
IO VAR. NO. EO'J'3 VALUE BOU,.D
1 6 0.82CO,2E+O1 0.10150E+02 0.100COE+03
3 7 .... O.87000E+02 0.86820EO02 0.10000E+04

N* * FINAL SOLUTION VALUES *N** *

VAVE A,,"ULE FOR VANE 1 IS 21.06 DEGREES

VAt:E IN:SLE FC' VANE 2 IS 10.17 DEGREES

VANE A!3LE FO, VANE 3 13 5.01 DEGREES

VANt1E Ai3LE FC? VAiE 4 IS 5.01 DEGREES

FRESSUIE RATIO= 6.1050

EFFICIOCY:CY=  
86.8200

SU7SZ t*.A, lR = 10.1500

RF.;C I.'S liELD CCNSTANT AT 5567.50
OL VAS HELD CC:4STAIIT AT 76.70

PROGRAM CALLS TO ANALIZ

ICALC CALLS
1 _ 1
2 1.0
3 1
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